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H.l.O INTRODUCTION 

The Comprehensive Response Action Risk Evaluation (CRARE) estimates the human-health risks i 

associated with the Fernald Environmental Management Project (FEMP) site after all remedial actions 
have been completed. The CRARE calculates the site-related .incremental" risk to individuals from 

2 

3 

the combined sources of the FEMP's five operable units. 4 

As defined in the Comprehensive Environmental Response, Compensation, and- Liability Act 
(CERCLA), the Superfund program was designed to protect human health and the environment from 
current and potential threats posed by uncontrolled hazardous substance releases. CERCLA requires 
that the actions selected to remedy hazardous waste sites meet these criteria found in Risk Assessment 
Guidance for Superfund (RAGS). CERCLA further requires that when .a remedial action results in 
residual contamination at a site, reviews must be planned and conducted to assure that human health 
and environment continue to be protected in the future. These objectives are defined in the 
Environmental Protection Agency's Risk Assessment Guidance for Superfund (EPA 1989a). 

5 

6 

7 .  

8 

9 

10 

11 

12 

Specific guidance on implementation is provided in the National Oil and Hazardous Pollutants 
Contingency Plan (NCP) which sets the cleanup criteria for Superfund response actions. That is, the 
incremental risk to a receptor who is subject to the "reasonable maximum exposure" (RME) generally 
must not exceed an incremental lifetime cancer risk (ILCR) of loa to 10" or a hazard index (HI) of 

13 

B 14 

IS 

16 

1. This CRARE was designed specifically to address these requirements. 17 

In accordance with the 1991 Amended Consent Agreement between the U.S. Department of Energy 
(DOE) and the U.S. Environmental Protection Agency (EPA), a CRARE will be submitted with the 

18 

19 

feasibility study (FS) report for each operable unit. This appendix is the C U R E  for the Operable 
Unit 5 FS report. 21 

20 

The objective of the CRARE process is to provide a framework for developing the risk information 22 

23 necessary to assist decision-making at remedial sites. Specific objectives of the process are to: 

Provide a basis for determining residual concentrations of contaminants that can remain on 24 

site and whether these levels adequately protect public health 25 

0 Provide a consistent process for evaluating and documenting potential public health threats 26 

associated with the site 27 

H.l-1 
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To achieve these objectives, the C U R E  process was established to provide risk-related information 
from a site-wide perspective to decision makers and stakeholders who review the effectiveness of 
individual operable unit proposed remedial actions. 

i 

2 

3 

This CRAW first assessed the incremental risks that could reasonably be attributed to the remediated 
FEMP site by examining a range of hypothetical on-property and off-property receptors. This was 
done following the EPA risk assessment guidance and methodology in RAGS (EPA 1989) and using 
site-specific data to predict contaminant concentrations in site media folkwing.remedial action. The 
predicted risk levels for these receptors were further analyzed in light of FEMP operational history as 
well as the natural occurrence of the constituents of concern in the environment (i.e., backgrqund 
levels). The analysis provides three approaches to account for background concentrations of 
contaminants and their resultant risks. Coupled with an extensive uncertainty analysis, these 
comparisons provide valuable data to regulatory agencies and the public in the assessment of potential 
site-related health risks. 

H. 1.1 QVERVEW -OF'CRARE PROCESS 
The primary objective of the C U R E  is to estimate, from a site-wide perspective, the incremental risk 
posed by the FEMP site after all operable unit remedial activities have been completed. The C U R E  
assesses predicted FEMP site conditions 1000 years after remediation. Incremental risks were 
assessed assuming implementation of the remedial alternatives proposed for each operable unit. This 
C U R E  uses the preferred remedial alternatives (PRAs) for Operable Units 1, 2, 4, and 5 which 
were selected as a result of the comparative analysis of alternatives in their respective FS reports. 
For Operable Unit 3, whose FS is not yet complete, the leading remedial alternative (LM) from the 
Site-Wide Characterization Report [(SWCR) DOE 1993al was used. When the Operable Unit 3 FS is 
complete, the original LRA will be updated as necessary for consistency with proposed plans. As 
noted in the SWCR, "the LRA does not represent the pre-selection of the remedy and will be used 
solely for the purpose of estimating and evaluating the risks presented by the entire site." 

4 

5 

6 

7 

8 

9 

IO 

11 

12 

13 

14 

15 

16 

17 

I S  

19 

20 

21 

22 

23 

24 

25 

Section 4.0 of this Operable Unit FS presents the initial screening of remedial alternatives evaluated 
for Operable Unit 5. Seven alternatives were retained after the initial screening (see Section 4.5 of 

26 

27 

this FS report) and were further analyzed against the nine criteria outlined in the NCP (see Section 28 

29 

30 

31 

5.2 of this FS report). 
Operable Unit 5 representative remedial alternative (defined in Section 5.0 of this FS report) in 
conjunction with the adopted site-wide remedy (see Section H.2.0). 

This CRARE focuses on postremedial site conditions as determined by the 

The representative remedial alternative for Operable Unit 5 is Alternative 3A, Case 7, which defines 32 

the postremedial FEMP land use as an undeveloped park. Target receptors were selected which 33 

FER/CRUS\APXSWP-H!H- 1 /November1 0. 1994 1 1: 12em .. . I  
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represent the Rh4E individuals for this scenario. These receptors include the on-property undeveloped 
park user, the off-property resident farm adult, and the off-property resident farm child. In addition, 
eight reference receptors were chosen as points of comparison under a hypothetical loss of 
institutional controls. 

Based on the results of the Operable Unit 5 baseline risk assessment, preliminary remedial goals 
(PRGs) were developed for each of these target receptors. Appendix C of this FS report provides a 
detailed discussion of the PRG development process. These PRGs were further evaluated considering 
appropriate, relevant, and applicable requirements (ARARs) and cross-media impacts. Preliminary 
remediation levels ( P a s )  were developed based on the modified PRGs and with consideration of 
media-specific background concentrations and analytical detection limits. These PRLs serve as the 
starting point for the C U R E  risk projections. 

EPA’s comments on previous versions of the CR4RE have been addressed in this submission. 
comments were received on the following dates for the indicated operable unit draft CRAREs: 

Operable Unit 4, December 1993 
0 Operable Unit 4, February 1994 

Operable Unit 1 and 2, June 1994 
Operable Unit 2, October 1994 

H.1.2 
This CRARE is organized as follows for the step-wise progression of detailed information: 

ORGANIZATION OF THE OPERABLE UNIT 5 CRARE 

H. 1 .O Introduction: 

This section describes the CRARE and the CRARE process. 

H.2.0 Adopted Site-Wide Remedy and Postremedial Site Conditions: 

EPA 

This section describes the adopted site-wide remedy and site conditions after all five 
operable unit remedial actions have been implemented. These conditions are the basis for 
this CRARE. Additionally, assumptions used to estimate site-wide risk based on the future 
postremedial conditions are presented. 

H.3.0 CRARE Fate and Transport Modeling: 

This section summarizes the methodology used to quantitatively predict estimates of 
contaminant concentrations due to migration of contaminants in the media at the FEMP. It 
includes discussions of: 1) the fate and transport models used, 2) the technical approach 
that determines the appropriate model for each potential exposure assessment, and 3) 
modeling results. 

6 

7 

8 

9 

10 

11 

.-., . -LA. 

12 

13 

- .- 14 

IS ... 
-c> 

16 

17 

20 .. 9 . . .. 
21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 
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0 H.4.0 Risk Characterization: I 

Risk characterization is the final step in determining risk and involves combining the 

and presented as qualitative and quantitative estimates of incremental human- health risk. 

2 

information developed in the toxicity and exposure assessments. This information is integrated 3 

4 

H.5.0 Uncertainty Analysis: 5 

This section presents the analysis of the methods used in the CRARE to determine if risks have 
been under- or over-estimated. .. . .  . 

6 

7 .._ 

0 H.6.0 Summary and Analysis of Findings: 8 

A summary of the incremental risk to each receptor is presented for the site-wide postremedial 
conditions. The risk results for the three target receptors are compared to the results for eight 

9 

IO 
reference receptors postulated under a hypothetical loss of institutional controls. 11 

0 H.7.0 References: 12 

Literature references cited are identified in this section. 13 

0 Attachments: 14 

Attachments H.1 and H.II present the approach, assumptions, and methods used in predicting IS 
the migration and concentrations of residual contaminants in water and air, respectively. 16 

Attachment H.111 details the calculations of exposure and intake of constituents of concern by 17 
receptor and by pathway. 18 

Three sets of risk calculations are presented to provide decision-makers with necessary 19 

20 information in making sound decisions on true site-induced health risks. 

(Le., incremental risk). Complete calculation worksheets for each receptor are provided. 

Each set of 
calculations represents a different assumption regarding background contamination. Attachment 21 

H.IV describes the principles and methods employed in the standard C U R E  risk calculations zz 
23 

Attachment H.V. presents the complete worksheets for the same receptors using the Option A 
and Option B risk calculations. Option B does not take credit for naturally occurring levels of 

background levels of inorganic and radionuclides. The worksheets are set up to compare the 

24 

2s 

27 

inorganic elements. Option A uses source terms that do not account for naturally occurring 26 

three sets of risk calculations (Le., CRARE approach, Option A, and Option B). 28 

Attachment H.VI presents the results of the Monte Carlo analysis of exposure parameters and 29 

the distribution of environmental data and other supporting documents used in the CRARE 30 

uncertainty analysis. 31 

FEWCRUS\APXS\APP-HW-IRJovcmbcrlO. 19% 1 1 : l h  H. 1-4 
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H.2.0 ADOPTED SITEWIDE REMEDY AND POSTREMEDIAL SITE CONDITIONS 

This section provides a general description of the site-wide conditions that are assumed to exist after 
completion of the preferred, leading or representative remedial alternative for each operable unit. 
These final site-wide conditions provide the basis for development of source terms used in the 
modeling of exposure-point contaminant concentrations for this CRARE. Because Operable Unit 5 is 
the last operable unit to implement its remedial actions, the Operable Unit 5 PRLs will dictate final 
site-wide conditions. A site-wide remedy was therefore adopted to address the residual soils and 
waste considered in the Operable Unit 5 representative remedial alternative as well as the waste to be 
placed in the on-site disposal cell from other operable units. This CRARE evaluates the incremental 
risks to hypothetical receptors associated with the implementation of the adopted site-wide remedy. 
This section is intended to give a general overview of final site-wide conditions. For detailed 
information, refer to the individual RI or FS reports referenced in this section. 

H.2.1 DESCRIPTION OF OPERABLE UNIT REMEDIAL ALTERNATIVES 
Table H.2-1 and the following paragraphs describe the remedial actions proposed for each operable 
unit. The PRAs for Operable Units 1, 2, and 4 are summarized from their respective FS reports. 
The LRA for Operable Unit 3 is summarized from the SWCR. The representative remedial 
alternative for Operable Unit 5 is summarized from Section 5.0 of this FS. 0 
H.2.1.1 ODerable Unit 1 Preferred Remedial Alternative 
The PRA for Operable Unit 1 includes the removal, pretreatment (crushinglshredding), and drying of 
waste; off-property disposal of waste pit materials, covers, liners, and excavated soils; and 
decommissioning and removal of the drying treatment unit and associated facilities. The contaminated 
debris will be disposed with Operable Unit 3 debris. The excavated areas will be backfilled with 
clean soil. The excavated volumes for disposition off site are presented in Table H.2-2. 

Additional components of the PRA include construction of waste processing and loading facilities and 
equipment, and removal of water from open waste pits for treatment at &e Operable Unit 5 Advanced 
Waste Water Treatment (AWWT) facility. The remedial actions for Operable Unit 1 are presented in 
the Proposed Plan for Remedial Actions (DOE 1994h). 

H.2.1.2 ODerable Unit 2 Preferred Remedial Alternative 
The PRA for Operable Unit 2 as presented in the Operable Unit 2 Proposed Plan for Remedial 
Actions (DOE 1994i) includes excavation of all soils with constituent of concern (COCs) above the 
PRLs developed in the Operable Unit 2 FS, material processing for size reduction and moisture 
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Ooerable Unit 

1-Waste Pits 

2-Other Waste Units 

3-Production Facilities and 
Inventories 

4-Silos 1-4 

5-Environmental Media 

All Operable Units 
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TABLE H.2-1 

OPERABLE UNIT REMEDIAL ACTIONS 
Key Activities 

Excavation of pit contents, caps, berms, and lining sustem 
Excavation of heavily contaminated soil underlying pits 
Drying of excavated soil and waste, as required 
ShiDment of excavated material by rail to off-site diswsal facility 

Excavation of waste materials and adjacent contaminated-soil . . 

Shipment to off-site disposal facility of material not meeting WAC of on-site 
disposal cell 
Placement of excavated material meeting WAC in central, on-site disposal cell 

Off-site shipment of remaining waste and production inventories (including 
thorium) and decontamination residues 
Decontamination and demolition of all structures and facilities 
Recycling/reuse of generated debris and equipment to maximum extent practical 
Off-site disposal of rubble and debris not meeting WAS of on-site disposal cell 
DisDosal in on-site cell of rubble and debris meeting WAC 

Removal and verification of waste inventories 
Off-site disposal of vitrified waste 
Excavation of contaminated soil and placement of soil attaining the WAC on-site 
disposal cell 
Decontamination and demolition of silo structures and support facilities 
Placement of rubble and debris in on-site disposal cell 

Excavation of soils, sediment, and perched groundwater zones 
On-site disposal of soil, sediment, and waste sludge meeting WAC 
Off-site disposal of waste exceeding WAC 
Treatment of GMA/Perched groundwater and process wastewater at AWWT 

Long-term environmental monitoring program for FEMP 
Continued maintenance and surveillance of on-site disposal cell 
Performance reviews of site conditions by EPA every 5 years 
Continued federal ownership of on-site disposal cell are 
Restrictions placed in FEMP property deed pertaining to future uses of site 

FW\CRUS\APXS\APP-HW-Z~~~~rl3.1994 1254pm H-2-2 
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TABLE H.2-2 

OPERABLE UNITS 1 THROUGH 5 MATERIAL DISPOSITION 
FOR THE ADOPTED SITE-WIDE REMEDlP 

Operable Unit Excavated Volumes Disposition 
(cu Yd) 

1 6.28 x le Off-site disposal 

2 

3 

4 

3.60 x lo) 
3.45 x l e  

1.58 x Id 
4.32 x 104 Off-site disposal 

Off-site disposal . 
On-site diijx~sa~ cell 

On-site disposal cell 

1.40 x l@ Off-site disposal 
3.00x lo) On-site disposal cell 

5 b  2.50 x 104 Off-site disposal 
1.75 x lob On-site disposal cell 

Adopted Site-Wide Remedy 2.30 x 106' On-site disposal cell 

' Remedial actions for Operable Units 1 ,  2, 4, and 5 are from their draft or draft final FS reports or 
proposed plans. The remedial action for Operable Unit 3 is from the SWCR. 

Volumes estimated for Operable Unit 5 account for residual soils and waste remaining after 
Operable Units 1 through 4 have been remediated. It does not include the wastes designated by 
other operable units for on-site disposal. 
Summation of volumes identified for on-site disposal from Operable Units 1 through 5. 

control (if required), on-site disposal in an engineered disposal cell, and off-site disposal of a small 
fraction of the excavated material that exceeds the Waste Acceptance Criteria (WAC) of the on-site 
disposal facility. Free-standing water in the Lime Sludge Ponds will be removed and treated at the 
FEMP AWWT prior to its discharge to the Great Miami River. In the South Field area, excavation 
of contaminated material above the Operable Unit 2 PRLs will prevent significant amounts of 
contaminants from the source materid from entering the Great Miami Aquifer via the sand lenses in 
the glacial till. 

Non-soil material (e.g., concrete, drums, steel, pallets, etc.) from all subunits will be segregated, 
hauled to the staging and material preparation area, processed for size reduction, and placed in the 
on-site disposal cell. The contaminated material from the subunits will be excavated, transported, and 
placed in the on-site disposal cell in a manner that provides a single, stable source term. To improve 
the handling and compaction characteristics of the waste material, lime sludge will be mixed with 
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other waste material as necessary. The volumes estimated for disposal in the on-site disposal cell and 
at an off-site disposal facility are presented in Table H.2-2. 

After excavation of apparent waste materials by Operable Unit 2, residual contaminated soil and waste 
materials will be evaluated using the area- and COC-specific PRLs developed for the Operable Unit 5 
representative remedial alternative. If soils and waste are found to be present above PRLs, additional 
excavations would be completed to attain Operable Unit 5 P U S  in the Operable Unit  2 area. After 
additional excavation, the areas will be regraded, backfilled with soil as necessary, and vegetated. 

.._ 

H.2.1.3 Ouerable Unit 3 Leading Remedial Alternative 
For the Operable Unit 3 LRA, buildings will be decontaminated and demolished. Contaminated 
material will be removed, treated and/or decontaminated, and temporarily placed in storage prior to 
final disposition. After Operable Unit 3 remedial actions are complete; soil placed in piles and 
containers as well as residual soil and perched water will be deferred to Operable U.nit 5 for disposal. 
Decontamination and treatment residue will require further treatment and disposal. It is estimated that 
2.21 x l@ cubic yards of contaminated material will be disposed on property while clean material will 
be free-released for reuse or recycling. The LRA for Operable Unit 3 is defined in the SWCR (DOE 
19&j. . ~ 

.. ' .. . 
. I . _  , . .. 1 .. 

... . .  :. ',*<,:,f.'.:. .. . . .>,. 
H.2.1.4 Ouerable Unit 4 Preferred Remedial Alternative 
The PRA for Operable Unit 4 includes removing the waste stored in Silos 1, 2, and 3, stabilizing it 
by vitrification, and transporting it to an off-site disposal facility. Silos 1, 2, 3, and 4 will be 
decontaminated to the extent practical and demolished. Contaminated construction material from the 
silos and decant tank will be removed and temporarily stored on site for eventual treatment and 
disposal with Operable Unit 3 debris. Residual soils from Operable Unit 4 will be re-evaluated as 
part of the Operable Unit 5 representative remedial alternative to determine whether they are above or 
below the PRLs established for Operable Unit 5. Residual soils above the PRLs will be included in 
the Operable Unit 5 source term and volume estimations. The excavated volumes for disposal at an 
off-site disposal facility and in the on-site disposal cell are presented in Table H.2-2. These actions 
are presented in detail in the Proposed Plan for Remedial Actions at Operable Unit  4 (DOE 1994e). 

H.2.1.5 h e r a b l e  Unit 5 ReDresentative Remedial Alternative 
Operable Unit 5 consists of the environmental media (soil, sediment, and water) that remain on site 
after completion of the remedial alternatives for Operable Units 1 through 4. For Operable Unit 5, 
target receptor PRLs and disposal cell WAC were developed for each COC to comply with 
appropriate risk or environmental criteria. For the purposes of this CRARE, all soil not meeting the 
WAC is assumed to be sent off site for disposal. 
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The representative remedial alternative for Operable Unit 5 includes excavation and on-site disposal of 
soils, sediment, and perched groundwater zones which have contaminant levels exceeding the target 
receptor PRLs under the undeveloped park land use scenario. All soils and sediment placed in the 
disposal cell must meet the WAC; any that exceed the WAC will be shipped off site. Groundwater 
from the Great Miami Aquifer, recovered perched groundwater, and process wastewater will be - 

treated at the AWWT and discharged to the Great Miami River. Waste sludge generated by the water 
treatment will be dried, stabilized, and placed in the disposal cell or shipped off site. Table H.2-2 
presents the volumes generated for disposal as a result of the Operable Unit 5 representative remedial 
alternative. 

H.2.2 ADOPTED SITE-WIDE REMEDY AND POSTREMEDIAL SITE CONDITIONS 
Since the implementation of remedial actions for Operable Unit 5 is assumed to occur after remedial 
actions for Operable Units 1 through 4, the PRLs and WAC for Operable Unit 5 will determine tinal 
site-wide conditions. The representative remedial alternative for 0p.erable Unit 5 was developed 
based on a proposed land use as an undeveloped park. The PRLs for Operable Unit 5 were 
developed to protect target receptors relevant to an undeveloped park: the undeveloped-park user and 
off-property resident farmers. These PRLs were used to determine excavation areas and volumes for 
Operable Unit 5. The WAC are used to determine the type and volume of waste to be placed in the 
on-site disposal cell. 

For this CRAM, the site-wide remedy was adopted to evaluate the consolidation of waste in an 
engineered on-site disposal cell. The volume estimated for disposal under this adopted site-wide 
remedy is 2.34 x lob cubic yards (see Table H.2-2). 

The postremedial site will include a single on-site disposal cell which contains consolidated 
contaminated soil, sediment, and debris designated for on-site disposal by Operable Units 1 through 
5. Figure H.2-1 shows the postremedial site. Ownership of the disposal cell area, with restricted 
access, will be maintained by the federal government. The remaining area of the FEMP released for 
undeveloped park use will contain institutional controls (e.g., deed restrictions) to preclude 
development of the property. 
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H.2.3 DETERMINATION OF CONSTITUENTS OF CONCERN 
The COCs evaluated in this C U R E  were determined using a three step process: 1) screening the 
constituents of potential concern (CPCs) from the Operable Unit 5 RI report, 2) evaluating cross- 
media impacts from Operable Units 1 through 4 COCs not included on the Operable Unit 5 list of 
COCs, and 3) determining the COCs which contribute 95 percent or greater to the total risk. 

The first step to this process was to take the CPCs identified in the Operable Unit 5 RI baseline risk 
assessment and screen them against an ILCR of and HI of 0.1. Those CPCs which posed a risk 
or hazard greater than the specified screening levels were retained for further comparison against 
results from Step 2. Table H.2-3 presents the list of compounds determined to pose risk and hazard 
greater than lo7 or 0.1, respectively. 

Because the PRLs and WAC established for Operable Unit 5 will dictate final site-wide conditions 
(see Section H.2.2), it is possible that contaminants from Operable Units 1 through 4 may be present 
above the Operable Unit 5 PRLs and WAC. To ensure that COCs from other operable units were not 
disregarded, Step 2 was conducted as a confirmation procedure. This step involved a cross-reference 
of the compounds retained in Step 1 and those COCs from Operable Units 1 through 4 that were not 
considered for Operable Unit 5 and that may impact groundwater quality via cross-media 
mechanisms. Specifically, the COCs identified in the FS reports for Operable Units 1, 2, and 4, and 
the potential COCs identified for Operable Unit 3 from the SWCR that were not considered on the 
Operable Unit 5 COC list were evaluated using fate and transport modeling to determine cross-media 
impacts (e.g., soil to groundwater). Table H . 2 4  presents the Operable Units 1 through 4 COCs 
evaluated for potential cross-media impacts. As a result of this modeling effort, no additional COCs 
from Operable Units 1 through 4 were found to pose cross-media impacts. Appendix F of this FS 
presents a detailed discussion of the modeling conducted to evaluate cross-media impacts. Because 
the fate and transport modeling for cross-media impacts did not result in additional COCs, the list of 
compounds retained from Step 1 and presented in Table H.2-3 properly represents the COCs for the 
Operable Unit 5 FS and was named as the comprehensive list of COCs. 

The third step of this CRARE COC determination process was to identify compounds, presented in 
Table H.2-3, that collectively pose more than 95 percent of the total risk under the baseline condition. 
This was done by producing tables using RI risk data to illustrate percent contribution to total risk 
from each COC to each receptor via specific pathways, and identifying those COCs with risks equal 
to or greater than 95 percent of the total risk. Table H.2-5 presents the list of COCs quantitatively 
assessed in this CRARE. 
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TABLE H.2-3 
OPERABLE UNIT 5 CONSTITUENTS 

WITH ILCR > 1 0 7  OR HI > 0.1 
. 

Compound 
Chemical 
Alpha-chlordane CMethylphenol 
Antimony Molybdenum 
Aroclor-1254 Nickel 
Aroclor-1260 Nitrate 
Arsenic 4-Nitrophenol 
Barium N-Nitrosodiphenylamine 
Benzene Octachlorodibenzo-pdioxin 
Benzo(a)anthracene Octachlorodibenzo furan 
Benzo(a)pyrene Pentachlorophenol 
Benm(b)fluoranthene Selenium 
Benzoe) fluoranthene Silver 
Beryllium Tetrachloroethene 
Bis(2-chloroisopropyl)ether Thallium 
Bis(24ylhexyl)phthalate Thorium 
Boron 1,1,2-Trichloroethane 
Bromodichloromethane 1,l.l-Trichloroethane 
Bromomethane Trichloroethene 
2-Butanone Uranium 
Cadmium Vanadium 
Carbazole Vinyl chloride 
Carbon disulfide Zinc 
Chloroform 
Chromium Radionuclide 

Copper Np237 
Chrysene (3-137 

Cyanide Pb-2 10 
Dibenzo(a, h)anthracene PU-238 
3.3-Dichlorobenzidine PU-239 
1 ,l-Dichloroethane PU-240 
1 ,ZDichloroethane Ra-226 
1,l-Dichloroethene Ra-228 
Dieldrin Rn-222a 
Di-n-butyl phthalate Ru- 106 
Fluoride Sr-90 
Heptachlorodibenzo-pdioxin Tc-99 
Heptachlorodibenzo furan Th-228 
Indeno(l,2,3-cd)pyrene Th-230 
Lead Th-232 
Magnesium u-234 
Manganese U-235 

Methylene chloride u-238 
Mercury U-236 

'Radon was the only COC detected in on-site air samples. However, all surface soil 
COC exposures through particulate inhalation are evaluated quantitatively in the 
CRARE. 
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TABLE H.2-4 

CROSSMEDIA MODELING FOR CONSTITUENTS OF CONCERN 
IDENTIFIED FOR OPERABLE UNITS 1 THROUGH 4" 

Compound ou1 o u 2  OU3 OU4 
Chaniral 
Acenaphthalene X X X 
Acetone X X 
Anthracene X X 
Aroclorl221 X 
Anxlor-1248 X 
Benzoic acid X X 
Benzo(g,h,i)perylene X X 
Beta-BHC X 
Butylbenzyl phthalate X 
Carbon tetrachloride X 
4Chloro-3-methylphenol X 
Chlorobenzene X 
Chlorocthane X 
Cobalt X 
4.4-DDE 
I ,  I-Dichlorocthylene X 
1 ,2-Dichlorocthyl~ne X 
Diethyl phthalate X 
Di-n-octyl phthalate X 

Ethylbcnzcne X 
Ethylether X 
Fluoranthene X 
Fluorene X 
2-He~~none  
Methanol X 

Endrin 

2-Methylnaphthalene X 
4-Meth y l-2pentenone X 
Naphthalene X 
N-Nitroso-di-n-propyhminc X 
Phenanthl-Cffi X 
meml X 
pY=m X 
Styrene X 

. 1,1,2,2-TetrachIoroethane X 
Tetrachlorodibenzo-pdioxin 
Tetrachlorodibenzofuran X 
Tetrachloroethane X 
Toluene X 
Tributyl phosphate X 
Xylenes floral) X 
Radionuclide 
pa-23 1 X 

X 

X 

X 
X 

X 

x 

X 

X 

X 
X 
X 

X X 
X 

X X 

?otential COCs for Operable Unit 3 were taken from the SWCR. Final COCs for Operable Units I .  2. and 4 were 
taken from their respective FS reporta. 

I .  * 1 . .  
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CONSTITUENTS OF CONCERN 
FOR OPERABLE UNIT 5 CRARE 

Radionuclide 
Ra-226 + 4d 
Sr-90 + Id 
Tc-99 
Th-230 
Th-232 + 1Od 
U-235/236 + d 
U-238 + 2d 

Inorganics OrFanics 
Antimony Aroclor- 1254 
Arsenic Aroclor- 1260 
Beryllium Benzo(a)P yreneb 
Cadmium 1,2-DichIoroethane 
Magnesium 2,3,7,8-Tetrachlorod ibenzppd iox inb 
Manganese Trichloroethene 
Mercury 
Silver 
Uranium-total 

This table includes those COCs which contribute 95 percent or more of the total ILCR and HI. 
bConcentrations of these compounds were determined from TEF analysis of other carcinogenic PAHs, 
dioxins, and furans identified on site. 
SOURCE: Derived from the Operable Unit 5 RI report (DOE 1994t). 

0 

The selection of CRARE COCs was accomplished using environmental data from Operable Units 1, 

2, 4, and 5 ,  which have been through the quality control procedures established for the FEMP site, 
and data from the SWCR for Operable Unit 3. At the presentation of this report, Operable Unit 3 
had not completed its RI/FS. It is possible that the COCs identified by Operable Unit 3 during the RI 
phase may differ from those presented in the SWCR. If additional COCs are determined by the 
Operable Unit 3 RI studies, they will be evaluated and possibly incorporated into the list presented in 
Table H.2-5 for further evaluation of potential site-wide impacts in the future. 

H.2.4 ASSUMPTIONS USED IN THE CRARE 
The intent of the CRAM is to estimate, from a site-wide perspective, the risk associated with the 
FEMP site up to lo00 years after all remediation efforts are complete. Because it is difficult to 
predict future conditions, assumptions were necessary to estimate future site-wide risks. The 
predicted outstanding features of the postremedial FEMP form the basis for these assumptions. 
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Postremedial site conditions will include an on-site disposal cell and residual soils within the 

contaminated materials slated for on-property disposal from all operable units (as described in Section 
H.2.3) are assumed to be placed in this disposal cell. Contaminated materials which exceed the 
Operable Unit 5' WAC for the disposal cell will be sent to an off-site disposal facility. Residual soils 

I 

excavated area. The disposal cell is assumed to be located in the northeast portion of the site. The 2 

3 

4 

5 

within the excavation area are also associated with all operable units. 6 

Sources of residual contamination used for the CRARE approximate contaminants remaining after all 
five operable units have been remediated. Sources evaluated for groundwater contamination include 
the disposal cell, residual soil, and contaminants that will remain in the groundwater system after 
groundwater and perched groundwater remediation are complete. Remediation efforts within the 
remedial footprint are assumed adequate to prevent further. groundwater contamination. Air modeling 
and direct contact pathways for surface soil assume that the residual soil is at current contaminant 
levels and that soil within the remediation footprint is at background levels. Direct radiation sources 
evaluated include the disposal cell and the residual soil. These sources are described in detail in 
Section H.3.0. 
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l6 a The COCs driving 95 percent or more of the total risk to all receptors evaluated in the baseline risk 
assessment were incorporated into a list of "major risk drivers." This list is used to establish a "risk 

residual concentrations indicates a risk level within acceptable limits of the established target risk goal 

17 

range" that even in the worst case demonstrates compliance. Further quantitative analysis of the I8 

I L )  

for the remedy. 3 
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H.3.0 CRARE FATE AND TRANSPORT MODELING 

Fate and transport modeling was used to predict the movement of COCs through various 
environmental media to receptor locations. This section presents the approach, procedures, and 
results of the modeling for the adopted site-wide remedy. Appendix F presents the approach and 
results of the contaminant fate and transport modeling performed to support the evaluation of 
Operable Unit 5 remedial alternatives. 

H.3.1 OBJECTIVES 
The purpose of contaminant fate and transport modeling is to predict future exposures, under given 
remedial scenarios, to future on- and off-property receptors. During the CRARE process, fate and 
transport models are applied to predict COC migration from residual source areas to potential human 
receptors through environmental media over a 1000-year period after the adopted site-wide remedy is 
implemented. 

This CRARE evaluates all of the environmental media (Le., soil, sediment, air, surface water, and 
groundwater) and residual COC sources associated with postremedial site conditions for each of the 
five operable units at the FEMP. To develop a conceptual model of future COC migration, the 
general future conditions of the FEMP property and its environmental media must be established. 
The predicted conditions of the property are based on the anticipated remedial actions of the five 
operable units and include the following general assumptions: 

b 

Air in the vicinity of the FEMP comprise the air media 

Surface soil and the underlying glacial deposits comprise the soil media 

The Great Miami River, Paddys Run, and the Storm Sewer Outfall Ditch (SSOD) comprise 
the surface water media 

Sediments within the surface water bodies comprise the sediment media, which also include 
materials carried in storm water runoff or plant effluent discharge to surface waters or 
drainage ditches 

The Great Miami Aquifer and perched groundwater zone in the glacial overburden are both 
part of the groundwater media 

Fate and transport models were selected based on their appropriateness for a specific application in 
the CRARE process and availability of required input information, as described in Section 6.1 of the 
RAWPA (DOE 1992a). 

b 40 
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The results from the fate and transport modeling provide predicted exposure-point concentrations of 
each COC over a future time period, at specified time intervals, at selected 'receptor locations. These 
exposure-point concentrations are then used as the basis for characterizing risk (see Section H.4.0). 
Figure H.3-1 presents the fate and transport modeling process used in this CRARE. 

H.3.2 GENERAL TECHNICAL APPROACH OF CRARE MODELING 
This section describes the technical approach for determining the impacts to hypothetical receptors 
from residual COCs migrating through FEMP air, soil, surface water, and groundwater. Also 
presented are the effects of the remedial actions for each operable unit on the future site conditions, 
COC sources, and COC migration pathways. More information is provided in Attachments H.1 and 
H I .  

H.3.2.1 Future Site Conditions 
CRARE fate and transport modeling begins when all remedial actions for the five operable units have 
been completed, currently estimated to be about 30 years from now, and lasts for lo00 years. The 
general surface and subsurface conditions at the FEMP and surrounding area, projected to exist after 
the remedial actions have been completed, are described below. These site conditions will directly 
affect residual contaminant migration. The changes from the current conditions are reflected in the 
fate and transport models. 

Surface Conditions 
Future surface conditions, including vegetative coverage, dust emission, and runoff control, are 
important factors in determining the potential for residual contaminant migration in both the air and 
surface water pathways. The surface conditions also affect the infiltration rate of precipitation to the 
Great Miami Aquifer, which determines the rate of contaminant migration through the overburden. 

For modeling purposes, the future ground cover at the FEMP is assumed to be similar to a meadow 
covered with "good" grass. A meadow is described as continuous grass protected from grazing and 
generally mowed for hay (USDA 1986). The grass cover of a meadow would be similar to a park. 
The undeveloped park and the disposal cell would likely be covered with combinations of woods, 
grass, and brush. The woods and brush are hydrologically similar to a meadow covered with grass. 
An 85 percent vegetative cover was assumed to be present at the site to support the undeveloped-park 
scenario. A ground cover is considered in "good" condition if it contains more than 75 percent 
vegetative cover (USDA 1986). 

The ground is assumed to be regraded after completion of the remedial actions so that all surface 
runoff originating from the site flows toward Paddys Run. However, no other storm water runoff 
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control, such as a retention basin, would be in operation. The only structure remaining at the FEMP 
after completion of the remedial actions will be the disposal cell. 

Subsurface Conditions 
Future subsurface conditions will not vary significantly from current conditions except in areas where 
deep excavations (Le., more than 10 feet) in the overburden are required as part of soil or perched 
groundwater remedial actions. Backfilled soil is assumed to have a lower permeability than existing 
natural overburden soil. Due to excavation and backfill, the existing major, high-yielding, perched- 
groundwater zone (Le., capable of sustaining 1 gpm of pumping) under the former production area 
will no longer be able to sustain a high yield. Areas where the gray clay layer has been disturbed or 
removed during past constructions (e.g., storm water retention basins and Plant 6 basement) are 
assumed to be backfilled with additional clay materials to inhibit the leakage of residual contamination 
into the Great Miami Aquifer. However, to be conservative, the current definition of the general 
infiltration mnes and infiltration rates through the overburden (see Appendix F, Section F.2.2) were 
not revised for the purposes of fate and transport modeling for the site-wide remedy. 

Groundwater flow conditions in the Great Miami Aquifer would also be affected during the 
groundwater remediation period. However, the postremedial hydraulic conditions are not expected to 
change significantly in the Great Miami Aquifer from the preremedial conditions. The only major 
pumping operation in the Great Miami Aquifer is assumed to be the Southwest Ohio Water Company 
(SOWC) production wells, which were simulated using a higher projected pumping rate (i.e., 25 
mgd) as used in the draft RI report (DOE 19940. 

H.3.2.2 COC Mimation Pathwavs 
Residual COCs can migrate through multiple media pathways and impact potential receptors as shown 
in Figure H.3-2. These pathways have been the subject of Operable Unit 5 RI studies (DOE 19940 
under the no-action scenario. Understanding the physical and chemical processes which control COC 
migration in these pathways is the basis for determining acceptable remedial alternatives in the FS. 
The Operable Unit 5 FS focuses on the effects that remedial actions will have on contaminant 
migration in each of the pathways, and factors pathway-specific protective requirements into the 
remedial components. The CRARE modeling incorporates the effects of the adopted site-wide 
remedy on the residual contamination and migration pathways. 

To simulate contaminant migration in the postremedial environmental media, changes to 
hydrogeological and geochemical conditions caused by remedial actions and the effectiveness of the 
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engineered on-site disposal cell are all evaluated through modeling. The disposal cell and 
environmental media are sources of future residual contamination. The sources evaluated by the 
CRARE include: 

Air within and in the immediate vicinity of the FEMP 
The Great Miami Aquifer underlying and downgradient of the FEMP 
Surface water, sediment, and soil within and in the immediate vicinity of the FEMP 
Subsurface soil and perched groundwater in the FEMP 
The on-site disposal cell 

After remedial actions, contaminants from these sources may be transported through the following 
pathways : 

Air emission: 

- Wind erosion of contaminated surface particulate matter, and the direct 
release of radon gas 

Surface water runoff: 

- Erosion of contaminated surface soil which is not excavated or covered into 
Paddys Run and the SSOD 

- Flow of contaminated surface runoff and sediment into the SSOD, Paddys 
Run, and the Great Miami River 

Groundwater transport: 

- Leaching of contaminants from the on-site disposal cell, residual 
contaminated soil, and perched groundwater. through the overburden to the 
underlying Great Miami Aquifer 

- Infiltration of contaminated surface water from Paddys Run and the SSOD 
to the Great Miami Aquifer 

- Natural flow of groundwater in the Great Miami Aquifer which can carry 
dissolved residual contaminants and, potentially, contaminants adsorbed to 
colloidal particles of up to 2 microns in diameter 

The CRARE fate and transport modeling encompasses these environmental media and pathways over 
an area large enough to cover all potentially major contaminant receptor locations identified in the 
Operable Unit 5 RI baseline risk assessment and shown in Figure H.3-3. Future conditions at these 
receptor locations were predicted by fate and transport modeling to support the CRAW residual risk 
assessment and tp quantify the effects of remedial actions in the adopted site-wide remedy. 
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H.3.2.3 Selection of COC Suecies for Modeling 
All the COCs identified in Appendix F (Section F.2.2), which haverelatively high mobility and are 
still present at significant residual concentrations after remedial actions, were evaluated in the CRARE 
fate and transport modeling. The criteria for defining high mobility and significant concentrations are 
pathway-specific. For air and surface water pathways, the protective requirements developed in 
Appendix F (Section F.4.0) were used to screen the COCs. Those COCs with concentrations present 
above the protective requirement for air and surface water were evaluated for the respective 
pathways. The 19 constituents identified in the Operable Unit 5 draft RI (Le., 18 COCs in Table 5- 
22 plus trichloroethene), which have the potential to migrate through the overburden within a 1000- 
year time frame or which have been detected in the Great Miami Aquifer at concentrations higher 
than drinking water criteria, were evaluated in the groundwater pathway. 

H.3.2.4 Estimation of Residual Source Terms 
For CRARE modeling purposes, residual-contaminant sources are categorized into four major types: 
1) residual contaminated soil, 2) perched groundwater, 3) Great Miami Aquifer groundwater, and 4) 

the on-site disposal cell. Representative COC concentrations and total masses were estimated for each. 
type of residual source, based .on the following type-specific approaches. 
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Residual Contaminated Soil 
The contaminant source areas defined in the Operable Unit 5 draft RI were used as the basis for 
defining the residual soil contamination. In general, the original source concentrations used in the RI 
remain the same except for areas that will be excavated under the adopted site-wide remedy. In the 
CRARE, COC-specific background concentrations were assigned to the excavated source areas for 
inorganics. For special cases in which only portions of an original source area are excavated, 
representative contaminant concentrations for the remaining unexcavated portion were recalculated. 

The initial excavation limits in the adopted site-wide remedy (as shown in Figure H.34) were 
compared to the contaminant source areas shown in Figure H.3-5 to determine which source areas 
would be excavated, partially excavated, or left unexcavated. Figure H.3-5 also includes additional 
source areas identified during the refinement process for the adopted site-wide remedy (see Section 
H.3.2.5) that would be excavated. Table H.3-1 lists the COC source areas which would be 
completely excavated and backfilled with clean soil. Four areas (NEb, 570a, %la, and 582a) are 
assumed to be partially excavated. (Note: these additional excavations have been considered in the 
determination of footprints and volumes per media discussed in Section 2.0 of the FS report). 

The representative concentrations for these areas are based on an area-weighted average of the 
background concentration (for the excavated portion) and the representative source concentration used 
in the Operable Unit 5 RI (for the unexcavated portion). When the excavation covered a significant 
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portion of the source or sampled area, the highest concentration of the soil samples in the unexcavated 
portion was used as the representative concentration for the source area. This yields a conservative 
(high) representative source concentration for the unexcavated areas. For the source areas in which 
no excavation is needed, the representative source concentrations from the Operable Unit 5 draft RI 
report were used in the modeling dire&y. 

For the major COCs, block-by-block (i.e., every 125-foot by 125-foot area) residual source 
concentrations were statistically calculated. For the modeling, these concentrations were used to 
determine the level of conservatism of the original area-wide representative source concentrations as 
defined in the Operable Unit 5 draft RI report. In general, because of the small amount of sample 
data available in each area, the RI area-specific representative source concentrations (i.e., the UCL of 
the sample data) for most of the COCs were dominated by a few higher hits in each area. The actual, 
areal extent of the contaminated area with these higher concentrations may be only a small portion 
within each source area. Therefore, using these RI representative concentrations directly is very 
conservative. 

The residual soil contamination source terms used in the CRARE modeling for radionuclides in the 
surface and groundwater pathways do not include the background amount of contamination; that is, 
the background concentrations were subtracted from the subbasin average source terms. This was 
done because the protective requirements for radionuclides are for the incremental concentrations 
above the background. Also, the background contaminant mass does not readily leach and create 
significant cross-media impacts. Background concentrations for inorganics, however, are included in 
the modeling. 

) 

TABLE H.3-1 

C O N T A M I N h  SOURCE AREAS EXCAVATED UNDER 
THE REPRESENTATIVE REMEDIAL ALTERNATIVE 

Central North west East south 
PAa 560b 570a (partial) 581a (partial) 582a (partial) 
PAb 560c 570b 581b 582b 
PAC 560d 570c 581c 
PAd NEb (partial) 570d 581d 
PAe 570e 
PAf WPAa 
PAg 
PAh 
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Perched Groundwater 
Perched groundwater contamination within the Zone V area (see Appendix F, Section F.2.2), which 
will not be excavated, was incorporated as residual contaminant sources in the groundwater pathway. 
The extent of the excavation in the perched groundwater zone is defined in Appendix F (Section F.6) 
and Section 2.0 of the F S  report. Both the liquid- and solid-phase contaminant masses of residual 
perched groundwater contamination are accounted for in the CRARE modeling. 

Great Miami Aauifer Groundwater 
Those COC concentrations remaining in the Great Miami Aquifer after pump and treat operations 
were included in the initial conditions of the groundwater model to predict impacts due to future 
migration of these contaminants. Among the eight COCs modeled in the Great Miami Aquifer to 
develop the recovery well systems (Le., Np-237, Ra-226, Tc-99, uranium, antimony, arsenic, 
manganese, and total VOC), only arsenic, manganese, and Ra-226 are expected to have groundwater 
concentrations higher than cleanup criteria in relatively small areas in the aquifer after contaminations 
of the other more mobile COCs are remediated. However, the impact of these residual COCs is 
relatively small and is not expected to migrate significantly. 

Disuosal Cell 
COC-specific total masses and average concentrations in the on-site disposal cell were estimated and 
used in the groundwater modeling. The three-dimensional solid block modeling results were used to 
determine the volume-weighted uranium concentration in the disposal cell. All the model blocks that 
have uranium concentrations higher than soil PRLs, but lower than the WAC, were included in the 
calculation. Solid block modeling was not conducted for any other COC due to limitations in the 
available data. 

Representative source concentrations in the disposal cell for other COCs (except Tc-99) were 
determined by calculating the volume-weighted RI representative source concentrations of excavated 
Operable Unit 5 source areas with higher contamination levels. Thirteen source areas (560c, 570a, 
570b, 570d, 581d, PAa, PAb, PAC, PAd, PAe, PAf, PAg, and PAh) were included in these 
calculations. Excavated soil from these areas will primarily be disposed in the disposal cell unless 
contaminant concentrations exceed the WAC. The area- and COC-specific representative 
concentrations of these areas are presented in the Operable Unit 5 draft RI report (Appendix F). 
Additional statistical analyses using the original sampling data were also performed to verify that 
these calculated representative concentrations are conservative. In general, the COC-specific, 
volume-weighted concentrations using the RI area-specific source terms are slightly higher than the 
statistically calculated representative concentrations with all the sampling data in the excavated volume 
combined together. 
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Because of the high mobility of Tc-99 in the media, all soil with significant Tc-99 concentrations 
(i.e., 30 pCi/g or higher) that dominate the values of most area-specific RI source terms need to be 
disposed off-site under the limiting WAC. Therefore, the area-wide RI source terms cannot be used 
directly to determine the concentrations for Tc-99 contaminated soil to be left on site. Statistically 
calculated representative concentrations, with all the sampling data in the excavated volume that have 
concentrations less than 30 pCi/g, were used as the representative Tc-99 source concentration in the 
disposal cell. This approach provides a more realistic estimate of the Tc-99 concentration of 
materials actually left in the disposal cell. 

The volumes of contaminated soil and material from other operable units were added to the total 
volume in the disposal cell. About 345,000, 158,000, and 3000 cubic yards of contaminated material 
directly from Operable Units 2, 3, and 4, respectively, were assumed to be placed in the on-site 
disposal cell. The estimated additional amounts of residual soil that Operable Unit 5 will excavate 
from Operable Units 1, 3, and 4 to satisfy the final PRLs are about 81,816, 23,300, and 29,630 cubic 
yards, respectively. COC-specific average concentrations of these materials were compared to the 
representative concentrations calculated using the Operable Unit 5 contaminated soil. However, the 
representative concentrations in the disposal cell were not recalculated if the concentrations from 
Operable Units 1 through 4 were lower than those calculated for Operable Unit 5 contaminated soil. 
In general, the COC-specific average concentrations from Operable Units 1 through 4 are lower than 
or similar to the Operable Unit 5 values. For example, the estimated average concentrations of 
uranium are 78 and 96 mg/kg from Operable Units 2 and 3, respectively. An average of 100 rng/kg 
is estimated for Operable Unit 5 contaminated soil in the disposal cell. All the COC-specific source 
Concentrations in the disposal cell estimated for modeling are discussed in Section H.3.5. 

D 

H.3.2.5 Summarv of Refinements to ODerable Unit 5 Source Term Estimations and the Adopted Site- 
Wide Remedy 
Based on the initial estimates of residual contaminant source concentrations (Section H.3.2.4), 
postremedial COCs and their impacts through each migration pathway were identified by screening 
level modeling. In screening level modeling, the COCs were evaluated in each of the migration 
pathways. The concentrations estimated in the pathways were compared to protective requirement 
concentrations. Those COCs exceeding the specified requirements were then further evaluated for the 
specific pathway. This information was used to refine the adopted site-wide remedy. The 
refinements were taken into consideration with the volume and footprint estimates presented in Section 
2.0 of this FS for each land-use objective at each risk range case. 

When unacceptable residual impacts were identified in the screening process, additional soil 
excavations and/or source characterizations were incorporated into the original Operable Unit 5 
remedial alternative, and the affected residual source terms were then updated. The final residual fate 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 ..) 

13 

l4 * ,  

15 

16 

17 

18 

H-3-13 



9: . .  . . , . .4.: .. 
? '  , . :_ 

FEMP-OSFS-4 DRAFT 
November 14, 1994 

and transport modeling were conducted using the refined residual contaminant sources. Attachment 
H..I lists the adjustments made during this refinement process. 

H.3.2.6 Modeline Tools 
Contaminant fate and transport models for air, surface water, and groundwater pathways were used to 
predict future contaminant concentrations at receptor locations. Details of the development of these 
models are documented in the following technical reports and the Operable Unit 5 draft RI report: 

Groundwater Modeling Report - Summary of Model Development (DOE 1993e) 

Groundwater Model Evaluation Report and Improvement Plan (DOE 19930 

Development and Application of the ECTran Model to Support the RI/FS at the FEMP 
(DOE 19938) 

Surface Water Flow and Infiltration Model Summary Report (DOE 1993h) 

SWIFT Great Miami Aquifer Model - Summary of Improvement Report (DOE 1994j) 

Figure H.3-6 shows the categories of residual source terms and linkages to various fate and transport 
models for the site-wide residual risk analysis conducted in the CRARE. Application of these models 
has also been demonstrated in the Operable Unit 5 draft RI report and Appendix F of this FS report. 

Air Transuort Models ." 
All the air transport analyses were conducted in accordance with EPA guidance (EPA 1989~). Two 
emission models and an air dispersion model were used to estimate air emissions from each source 
and to calculate annual average concentrations and deposition rates at various receptor locations. One 
emission model predicts the quantity of exposed soil that would be resuspended by the wind @PA 
1985b), and the Radon Attenuation and Cover Optimization with Moisture Effects (RAECOM) model 
(NRC 1984) estimates the flux of Rn-222 gas from soil containing Ra-226. Particulate-phase 
contaminants examined in the first emission model include radionuclide, inorganic, and semivolatile 
organic contaminants. Air dispersion modeling conducted for CRARE exposure calculations used the 
Industrial Source Complex, Long-Term (ISCLn), Version 2, model @PA 1992a). A description of 
these models is included in Attachment H.11. 
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Surface Water TransDort Model 
Fate and transport modeling of surface water was conducted using the Surface Water Flow and 
Infiltration Model (SWF&IM, DOE 1993h) developed for the FEMP. The SWF&IM combines 
FEMP-specific hydrological conditions and several hydraulic and transport models 
used to simulate the various physical and chemical processes involved in the transport of contaminants 
from surface soil into surface water and infiltration through.streambeds into the Great Miami Aquifer. 
The models which comprise the SWF&IM and their connections are described in detail in the 
documents referenced above. A summary of these models is presented in Attachment H.I. 

Groundwater TransDort Models 
Groundwater models were used to predict flow and transport of constituents through the groundwater 
pathways. These models were the main tools used to develop cross-media PRGs, WAC, and remedial 
alternatives for the Great Miami Aquifer. They were also applied to support the CRARE residual 
risk assessment. A summary of these models used is presented in Attachment H.I. Revisions of the 
modeling approaches described in Appendix F (Section F. 1 S.4) were also used in the CRAW 
groundwater modeling . 

The groundwater transport models were classified as screening models or primary models. The 
primary models (SWIFT and ODAST/SWIFTLOAD) which cover the FEMP and its vicinity account 
for cumulative impacts from all the residual contaminant sources and predict future conditions to all 
the receptors in one simulation run. Primary models require very long computer run times and are 
not efficient for COC screening. Therefore, screening model (e.g., ECTran, DOE 1993g) was used 
to conduct the postremedial COC screening and preliminary evaluation of the disposal cell 
performance during the refinement of the representative alternative for Operable Unit 5. In general, 
the primary models were used to predict the cumulative residual impacts in the Great Miami Aquifer 
under the adopted site-wide remedy. 

H.3.3 AIR PATHWAY MODELING APPROACH 
The objective of the air quality impact analysis was to determine the maximum on- and off-property 
annual average ground-level air contaminant concentrations released from the remediated FEMP site. 
The ground-level air COC concentrations were then used in the exposure analysis to estimate risk to 
hypothetical receptors. A detailed discussion of the technical approach and results is presented in 
Attachment H.II. The general modeling approach is summarized below. 

H.3.3.1 Constituents of Concern for Air Modeling 
As described in Appendix F, (Section F.4), all the COCs in the surface soil pass the protective 
requirements set forthe air pathway. However, the residual surface soil contamination of each COC 
listed in Appendix F (Section F.2), which accounted for 95 percent of the total risk associated with 
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residual risk. 

H.3.3.2 Air Modeling Procedures 
Air Emission and Dispersion Modeling 
An EPA air quality dispersion model @PA 1992a) was used to predict the airborne concentrations 
and deposition rates of contaminants emitted from the FEMP site. The results of the modeling were 
used in this CRARE to calculate risks to potential receptors. Rn-222 emission rates were estimated 
using the RAECOM model (NRC 1984). Airborne particulate emission rates were estimated using 
EPA methods (EPA 1985b). The residual COC soil concentrations were multiplied by the particulate 
matter emission rate to determine COC-specific emission rates for radionuclides, inorganics, and 
semivolatile organics. 

Sources 
The air emissions from FEMP surface soils were modeled as square-area sources for risk assessment 
calculations. In this CRARE, the minimum length of a side for a given area source in this analysis 
was set at 50 feet. The largest area sources in this analysis were 400 feet on a side. A total of 1306 
sources were combined into 37 source groups. The air dispersion model assumes uniform 
contamination within a source group. Since the source of contamination in both the air pathway and 
surface water pathway is assumed to be the surface soil, the surface water source groups developed 
for the Operable Unit 5 draft RI report were adopted for this air pathway analysis. 

The Waste Pit area has 57 sources; the South Field and Flyash Piles have 278 sources; the Solid 
Waste Landfill has 4 sources; the Lime Sludge Ponds have 4 sources; the silo area has 10 
sources; the former production aka has 183 sources; and the remainder of the FEMP has 770 
sources. Some modifications were applied to the source groups used in the Operable Unit 5 draft RI 
report (Appendix F). These modifications for the air pathway analysis include: 

Source group 570a was split into north and south areas (two groups instead of one) 

Source group NEb was split into north and east areas (two groups instead of one) 

As indicated above, models and methods were used to estimate air contaminant emission rates. 
Radon emissions were calculated using the RAECOM model. The contaminant concentrations in 
surface soil were used to develop suspended contaminant emission rates from the total suspended 
particulate emission rate. Contaminants in wind-blown soil include radionuclides, inorganic 
compounds, and organic compounds. 
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Contaminant concentrations in residual soil were estimated from soil PRLs and sampling results 
contained in the RVFS database. The PRLs were used to set an upper limit on residual soil 
concentrations since soil with contaminant levels greater than the PRLs will be excavated. h e  RI/FS 
data were used to estimate surface soil concentrations for areas in which contaminant levels did not 
exceed PRLs. The RI/FS data used for air pathway modeling are the same as that used for surface 
water modeling. The excavated and backfilled areas were assigned with background concentrations as 
contaminant source terms for modeling. 

Meteorological DaQ 
Five years of meteorological data from the FEMP, in stability array (STAR) format, were used to 
model air quality impacts (1987, 1988, 1989, 1991, and 1992). The data collection efficiency for 
1990 was below 90 percent and therefore that year was not .used. The requirement of 90 percent 
efficiency for valid wind and stability data is defined in the U.S. EPA Quality Assurance Handbook 
for Air Pollution Measurements Systems (EPA 1989b). Based on this guidance and the professional 
judgement that missing 10 percent of the meteorological data could significantly impact the results, 
therefore, the 1990 data set was not used. 

ReceDtors 
Air contaminant concentrations were modeled using a receptor grid and a system of fenceline 
receptors. The receptor grid consists of 985 receptor points covering the site and extending 
approximately 1000 feet beyond the FEMP fenceline in each direction. The grid was used to develop 
airborne concentration isopleths for the FEMP and surrounding area. The maximum on-property 
contaminant concentrations were determined from modeled results at these receptor grid points. 

The fenceline redptor system (a subset of the grid system) consists of 36 receptor points located 
around the FEMP along the fenceline. The maximum off-property impact location was determined 
from modeled results at these receptor points. The off-property residential exposure was developed 
from this maximum impact location (the nearest off-property resident was assumed to be at the 
maximum off-property impact location). 

H.3.4 SURFACE WATER PATHWAY MODELING APPROACH 
The objective of the CRARE surface water modeling was to determine the concentrations and 
movement of COCs from the remediated FEMP site through surface water. The following is a 
summary of the modeling procedures used. Additional information is presented in Attachment H.I. 

H.3.4.1 Constituents of Concern for Surface Water Modeling 
The COCs which failed either the surface water or sediment screening (see Appendix F, Section F.2) 
and which account for 95 percent of the total risk associated with the site were evaluated using the 
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surface water protective requirements as discussed in Appendix F (Section F.4.0). The surface water 
protective requirements were screened against the subbasin average concentration after remediation. 
If the subbasin average COC concentration was higher than the surface water protective requirement 
for any subbasin, then the COC was modeled for the CRARE. Only manganese failed the screening 
and required complete surface water modeling for the CRAM after refining the original footprint for 
the adopted site-wide remedy (see Section H.3.2.5). These screening results are presented in' 
Appendix F, Section F.4). Uranium was also modeled, even though it passed the protective 
requirement screening because it is the most prominent contaminant at the site before the proposed 
remedial actions. 

The surface water contaminant loading terms to the Great Miami Aquifer for all of the 17 COCs 
identified in Appendix F (Section F.2), which also failed either the surface water or sediment 
screening were estimated. The surface water mass loadings for all of these COCs were calculated 
because most of them were also required in the CRARE groundwater modeling. Surface water 
represents a portion of the groundwater pathway since COCs in surface water are assumed to infiltrate 
to groundwater and then may be transported in the groundwater to potential receptors. 

H.3.4.2 Surface Water Modeling Procedures 
As stated above, the surface water modeling for the CRARE used the SWF&IM. The surface water 
modeling for the CRARE assumed that all remedial actions at the site have been completed and that 
the surface water controls at the site are no longer functioning. The site was assumed to be covered 
with good grass as discussed in the assumptions for the development of the protective requirements in 
Appendix F (Section F.4). The surface cover of good grass is consistent with the assumed land use 
as an undeveloped park. The final cover condition was assumed to contain an 85 percent cover for 
purposes of fate and transport modeling. The remediation of the site under the adopted site-wide 
remedy will require excavation of significant areas of the surface soils. The excavated areas will be 
backfilled with clean soil which contains background levels of contamination. 

The surface water modeling input parameters are the same as those used in the development of the 
surface water protective requirements as described in Appendix F (Section F.4). For uranium, a K, 
of 325 L/kg was used for all areas since the areas of higher uranium solubility (K, of 15 L/kg) will all 
be excavated and backfilled with clean soil under the adopted site-wide remedy. 

H.3.5 GROUNDWATER PATHWAY MODELING APPROACH 
The purpose of the CRARE groundwater modeling was to predict the concentrations and movement of 
COCs in groundwater from source areas (e.g., soil, perched water, and disposal cell) to receptors. A 
summary of the modeling procedures is presented below. Additional information is presented in 
Attachment H.I. 
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H.3.5.1 Constituents of Concern for Groundwater Modeling 
. The 19 constituents identified in the Operable Unit 5 draft RI report, which’ have the potential to 

migrate through the overburden within a 1O0O-year time frame or have been detected in the Great 
Miami Aquifer at concentrations higher than drinking water criteria, were evaluated in the 
groundwater pathway. However, only 14 of these COCs were found to have the potential to migrate 
through the overburden under the natural conditions as indicated in Appendix F (Section F.2). 

Unlike the air and surface water pathways, which use background surface soil conditions, Source 
Areas 560b, 581a, and 581c will still have about 0.5-foot of subsurface residual contamination in the 
groundwater modeling. This remaining subsurface soil contamination is assumed because subsurface 
contaminated soil may not be completely excavated in these three areas as part of the adopted site- 
wide remedy. All the area-specific residual COC concentrations, surface water mass loadings, and 
source terms for the on-site disposal cell used in the CRARE groundwater modeling are presented in 
Attachment H.I. For modeling purposes, COC source terms in the disposal cell, other than the 14 

COCs that have the potential to migrate through the overburden (Appendix F, Section F.2) were not 
calculated and are specified as zero in Attachment H.I. 

H.3.5.2 Groundwater Modeling Procedures 
The groundwater fate and transport modeling conducted for this CRARE required the use of several 
modeling components to determine the vertical transport of COCs in the soil and perched water to the 
Great Miami Aquifer, to simulate future COC loading from the on-site disposal cell, and to define 
future COC concentrations at receptor-locations defined in the Operable Unit 5 RI report. Below is a 
discussion of the procedures used to meet these objectives. 

As part of the refinement process, the ODAST/SWIFTLOAD modeling used the residual COC mass 
from the Operable Unit 1 FS to determine the vertical migration of residual COCs in the Waste Pit 
Area to the groundwater. However, because the Operable Unit 5 representative alternative does not 
include capping for these areas, the natural infiltration rates without capping were used for this 
modeling. The results of this modeling effort were used to determine additional area and volume of 
soil to be excavated by Operable Unit 5. 

The ECTran model was used to simulate future COC loadings from the on-site disposal cell. The 
results of this modeling effort were used to identify any COCs that may not be acceptable in the cell. 
Attachment H.1 presents the results of the screening and the COC-specific source terms for the 
disposal cell. The ECTran model was also used to conduct a conceptual long-term performance 
evaluation of the on-site disposal cell by performing Monte Carlo simulations. Detailed procedures 
and results of this evaluation are presented in Appendix F (Section F.5.5.6). 
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The residual contamination of the 19 COCs in soil, perched water, and the Great Miami Aquifer, and 
mass loadings from surface water and the disposal cell were incorporated into the 
ODAST/SWIFTLOAD model. The mass loading rate and leachate concentrations reaching the Great 
Miami Aquifer groundwater table were determined from the model simulations. Any COCs that were 
found to have leachate concentrations at least twice the drinking water criteria were considered 
postremedial COCs for modeling purposes. 

The COCs that failed the ODAST/SWIFTLOAD screening, or would be present at unacceptable 
initial conditions in the Great Miami Aquifer after 30 years of groundwater remedial action, were 
further evaluated using the SWIFT Great Miami Aquifer model. The SWIFT Great Miami Aquifer 
model was run for a 1000-year time period after remediation to define future COC concentrations at 
all selected receptor locations defined in the Operable Unit 5 RI report. 

H.3.6 SUMMARY OF MODELING RESULTS 
The results of the CRAM fate and transport modeling are presented in this section. The exposure- 
point concentrations determined from the modeling were used to estimate risk to potential receptors 
(see Section H.4.0). 

H.3.6.1 Air Results 
The modeled maximum annual average COC air concentrations are presented in Tables H.3-2 through 
H.3-4. The values presented in Table H.3-3 are the maximum on-property COC concentrations, and 
the values presented in Table H.3-3 are the fenceline COC concentrations. The modeled off-property 
air concentrations due to off-property soil contamination are presented in Table H.3-4. Total and 
background air concentrations are included on each table. Based on the results presented in the 
Operable Unit 4 CRARE (DOE 1993b), the maximum off-property concentrations were used to 
represent average on-property concentrations for receptors that were assumed to roam or wander 
about the property. 

Modeled concentrations of U-238 represented typical particulate-phase, radionuclide activity. The 
maximurn total on-property and fenceline concentrations of U-238 were modeled at 3.87 x and 
3.56 x lo6 pCi/m3, respectively. Residual concentrations in air, above background, are 3.18 x 
and 2.96 x 10-6 pCi/m3, respectively, for maximum on-property and fenceline impacts. 

Modeled air concentrations of gaseous Rn-222 on property and at the fenceline were 22.0 and 11.3 
pCi/m3, respectively, based on total residual Ra-226 soil concentrations. After correcting for 
background Ra-226 soil concentrations, the on-property and fenceline Rn-222 concentrations were 
modeled at 10.7 and 1.84 pCi/m3, respectively. 
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TABLE H.3-2 

PROJECTED MAXIMUM ON-PROPERTY RESIDUAL COC 
CONCENTRATIONS IN AIR DUE TO RESIDUAL ON-PROPERTY SOIL 

CONTAMINATION 

Concentrations in Air 

COC Total Background 

Inorganics (I(g/m3) 

Antimony 

Arsenic 

Beryllium 

Cadmium 

Magnesium 

Manganese 

Mercury 

Silver 

Uranium-Total 

organics (Irg/m3) 

Aroclor- 1254 

Benzo(a)pyrene 

Trichloroethene 

Radionuclides (pCi/m3) 

Ra-226 

Rn-222 

Sr-90 

Tc-99 

Th-230 

Th-232 

U-239236 

U-238 

FER/OUSPS/JARWH-3NovcmbdO, 1994 

2.79 x lob 

3.86 x lob 

4.56 x lCY7 

3.91 x 10' 

5.71 x 10-3 

5.21 x 104 

1.71 x la7 
1.32 x lob 

1.16 x lo-' 

5.27 x lo4 

1.28 x lo4 

7.70 x lo-'' 

1.57 x 10-6 

2.20 x 10' 

2.38 x l a7  

1.59 x lo7 
1.80 x lod 

6.97 x la7 

' 5.27 x 108 

3.87 x lob 

H-3-22 

2.33 x lob 

3.55 x lod 

3.83 x lo7 

3.32 x lo7 

1.23 x lo3 

5.19 x 104 

1.91 x lo7 

1.40 x 10" 

2.09 x 10" 

0.00 

0.00 

0.00 

7.78 x 10-7 

1.13 x 10' 

1.59 x lo7 

0.00 

9.57 x 10-7 

6.89 x lo-' 

5.74 x 108 

6.89 x la7 
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TABLE H.33 

PROJECTED MAXIMUM FENCELINE RESIDUAL COC CONCENTRATIONS IN AIR 
DUE TO RESIDUAL ON-PROPERTY SOIL CONTAMINATION 

Concentrations in Air 

COC Total Background 

Inorganics tJ4g/m3) 

Antimony 2.02 x 106 2.02 x lod 

Beryllium 3.46 107 3.32 x 10-7 

Cadmium 3.03 x lV7 2.87 x 10-7 

Arsenic 3.16 x 106 3.07 x 106 

Magnesium 1.84 x lU3 1.07 x lo3 

Manganese 4.46 x lW 4.50 x lo4 

Mercury 1.48 x lo7 1.66 x 10-7 

Silver 1.13 x 166 1.22 x 10-6 

Uranium-Total 1.07 x 10' 1.81 x 104 

organics (pg/m3) 

Aroclor-1254 

Benzo(a)pyrene 

Trichloroethene 

Radionuclides (pCi/m3) 

Ra-226 

Rn-222 

Sr-90 

Tc-99 

Th-230 

Th-232 

U-2351236 

U-238 

1.58 x lo4 

1.11 x lo4 

4.42 x IO-'' 

0.00 

0.00 

0.00 

8.16 x lo7 
1.13 x 10' 

1.86 x 10-7 

1.38 x 10-7 

1.25 x 106 

6.01 x lG7 

4.65 x 108 

3.56 x 106 

6.74 x 

1.38 x 10-7 

9.46 x loo 

0.00 

8.29 x la7 

5.97 x 

5.97 x 10-7 

4.97 x lo4 
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TABLE H.3-4 

PROJECTED MAXIMUM OFF-PROPERTY RESIDUAL COC CONCENTRATIONS IN AIR 
DUE TO RESIDUAL OFF-PROPERTY SOIL CONTAMINATION 

Concentrations in Air 

Contaminant Total Background 

Inorganics (Ic%m3) 

Antimony 

Arsenic 

Beryllium 

Cadmium 

Magnesium 

Manganese 

Mercury 

Silver 

Uranium-Total 

organics hcg/m3) 

Aroclor-1254 

Benzo(a)pyrene 

Trichloroethene 

Radionuclides (pCi /d)  

Ra-226 

Ra-222 

Sr-90 

Tc-99 

Th-230 

Th-232 

U-2351236 

U-238 

2.94 x lo7 
8.55 x lU7 

1.01 107 

1.11 107 

4.95 x 10-4 

1.46 x 10-4 

1.24 x 10-8 

1.08 x 107 

1.62 x 106 

4.97 10-9 

4.51 x lo4 

4.51 x lo-'' 

2.03 x lo7 

2.63 x 10'' 

5.98 x lo4 

2.74 x lU7 

3.98 x lC7 

2.00 x 107 

2.53 x 10-8 

5.42 x 

~~~~ 

8.24 x W7 

1.26 x 106 

1.35 x lo7 

1.17 x 10-7 

4.36 x io4 

1 . 8 4 ~  lo-" 

6.77 x 10-8 

4.97 107 

7.38 x lU7 

0.00 

0.00 

0.00 

2.75 x lo7 

1.36 x 10' 

5.64 x lo4 

0.00 

3.39 x 10-7 

2.44 107 

2.44 x 107 

2.03 x 10-8 

. .  
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The maximum annual fenceline concentrations of several radionuclides measured during 1991 and 
1992 (DOE 1993c) are presented in Table H.3-5. A comparison of modeled future fenceline 
concentrations with currently measured values indicates that site remediation would result in reducing 
off-property air impacts by 1 to 2 orders of magnitude. 

H.3.6.2 Surface Water ResulQ 
The results from the surface water modeling indicate concentrations for manganese in the groundwater 
(via the surface water infiltration) and sediment fail the PRG (0.2 HQ) for the on-property resident 
farmer (groundwater) and the undeveloped park user (sediments). Attachment H.1 presents the future 
surface water and sediment Concentrations for all modeled surface water COCs. The subbasin 
average surface soil concentrations for manganese for each subbasin are close to the background soil 
concentrations (within the range of the background surface soil data). If the background 
concentration were input into the surface water model for manganese for all of the source areas, 
manganese would still not meet the PRG in the groundwater and sediments. The origin of the 
widespread manganese concentrations in soil is unclear and not supported by FEMP processing 
history. The uranium concentrations are all below PRL (lx105 ILCR) for the same risk scenarios. 

Table H.3-6 presents the surface water COC loading to the Great Miami Aquifer of all of the COCs 
which account for 95 percent of the total risk and/or failed either the surface water or sediment 
screening as presented in Appendix F (Section F.2). The loadings from all of these COCs are 
calculated because they are required for the CRAW groundwater modeling. 

H.3.6.3 Groundwater Results 
Predicted groundwater concentrations are summarized in this section for selected receptor locations 
(locations are identified in the Operable Unit 5 draft RI report). The COC-specific maximum 
concentrations and the times of occurrence at each receptor location are listed in Tables H.3-7 and 
H.3-8 for on-property and off-property receptors, respectively. To estimate the cumulative impact 
due to multiple COCs, COC-specific concentrations at the time of the uranium maximum at each 
receptor location were also determined. These results are listed in Table H.3-9. 

Contour maps were developed to show the COC-specific maximum concentrations identified for on- 
and off-property receptor locations (see Attachment H.1, Figures H.I. 1-3 through H.I. 1-14). The 
following observations were made based on these contour maps: 

The disposal cell will not have any significant impacts to the Great Miami Aquifer in the 
1000-year time frame. 
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TABLE H3-5 

ANTICIPATED AIR COC CONCENTRATION REDUCTIONS AT F'ENCELINE 
AFl'ER COMPLETION OF REMEDIAL ACTIVITIES 

Monitored Conc. @Ci/m3) 

Modeled Conc. Anticipated 
Radionuclide @Ci/m3) 1991 1992 Reduction (W) 
Ra-226 

Ra-222 

Sr-90 

Tc-99 

Th-230 

Th-232 

U-239236 

U-238 

8.16 x 10-7 

1.86 x 10-7 

1.38 x 10-7 

6.01 10-7 

1.13 x 10' 

1.25 x 10" 

4.65 x 10' 

3.56 x lod 

5.9 x 105 

7.8 1 0 5  

1.5 x 104 

2.1 x 104 

1.3 x 104 

3.1 x loZ 

7.4 x lod 

1.2 x lo4 

1.0 x lo* 

1.7 x loZ 

No Data 

1.1 x 1 0 3  

< 3.3 105 

< 4.0 x 10' 

5.4 x 106 

9.8 x 1 0 5  

98-99 

93-96 

99 

99 

94-96 

95-98 

99 

96-97 

Source: DOE 1993i 
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TABLE H.3-6 

SURFACE WATER PATHWAY LOADINGS (kg/yr) TO THE 
GREAT MIAMI AQUIFER 

~~ 

COCS CD' D E  E F  SSOD 

Radionuclides 

Ra-226 + 8D 0.00 0.00 2.50 x 10" 1.12 x 10-9 

Sr-90+ 1D 3.37 x 109 1.38 x lo9 2.46 x 10'O 5.89 x 10-9 

Tc-99 1.14 x lo3 4.16 x 104 3.33 x 10-5 0.00 

Th-230 2.89 x 10' 1.60 x 107 1.46 x lo8  1.10 x 10-7 

Th-232 + 10D 0.00 0.00 2.51 x 10-5 1.12 x 10-3 

Inorganics 

Antimony 

Arsenic 

Beryllium 

Magnesium 

Manganese 

Mercury 

Uranium 

6.31 x 10' 2.92 x lo2 3.95 10-3 6.41 x - 
3.50 x lo" 1.95 x 10' 3.35 x lo-2 7.27 x lo-' 

7.20 x 10" 4.77 x 103 7.65 x lo4 1.58 x l o 2  

2.78 x lo" 1.94 x lo" 1.84 x l@ 1.21 x lo" 

3.55 x 10' 2.64 x 10' 4.27 x 10' 8.73 x 10' 

2.31 x 10' 1.44 x lo-' 2.73 x 10' 6.23 x 10'' 

2.77 x lo-' 2.02 x 10' 2.45 x lo2  3.73 x lo-' 

Organics 

Alphachlordane 0.00 0.00 9.98 x lod 4.46 x lo4 

Aroclor-1254 0.00 0.00 0.00 0.00 

Aroclor-1260 0.00 0.00 0.00 0.00 

Benzo(a)pyrene 4.24 x 106 1.79 x 10-5 1.64 x lo6  9.80 x 

Dibenzo(a,h)anthracene 0.00 0.00 0 .oo 0.00 

..... 

a See Operable Unit 5 RI (Section F.2 of Appendix F) for definitions of Paddys Run reaches. 
SSOD= Storm Sewer Outfall Ditch 
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TABLE H.3-7 
SUMMARY OF TIME, LOCATION, A N D  MAxl[MrUM GROUNDWATER CONCENTRATIONS OF 

CQCS AT ON-PROPERTY LOCATIONS 
I 

On-Site Maximum On-Site Fenceline Maximum 

Concentration Time Grid Location Concentration Time Grid Location 
COC Ollm 64 Q,J) bcg/L) Or) Q,J) 
Radionuclides 
Np-237 
Ra-226 

Sr-90 

Tc-99 

Inorganics 
Antimony 
Arsenic 

Boron 

Magnesium 

Manganese 
Mercury 

Uranium-Total 

QrganiCS 

Alpha-chlordane 

1.131 x lo-' 

1.207 x lo5  

2.999 x lo-' 

4.892 x lo-' 

4.591 x 10' 
9.635 x 10' 

2.823 x loZ 

1.476 x lo' 

1.054 x 10" 
4.282 x 100 

2.159 x 10' 

2.467 x 10.' 

0 46,80 

0 30,84 

140 4735 

40 28,68 

1000 4 7 , s  
0 61,71 

520 75,92 
240 34,64 

0 23,14 

630 4735 

670 77,9 1 

120 50,64 

9.716 x 106 
1.382 x 106 
6.545 x lo9 
1.261 x 1 0 3  

1.712 x 10' 

7.184 x 10' 

2.018 x loZ 

6.159 x 10' 

4.089 x 102 
1.254 x 10" 
2.138 x 10' 

4.621 x 10' 

100 

450 

190 

60 

lo00 
0 

480 

350 

0 
800 

510 

140 

34,47 

65,60 

26,50 

32,47 

34,47 
49,108 

62,100 

34,47 

73,73 

34,47 

76,76 

61,53 



TABLE H.3-7 
(Continued) 

~ ~ ~~ ~~ ~~ ~ ~ 

East Boundary West Boundary North Boundary 

Concentration Time Grid Location Concentration Time Grid Location Concentration Time Grid Location 
COC OrgW olr) 0,J) O r g w  Or0 0,J) OrgQ Wr) 0,J) 
Radionuclides 

Np-237 
Ra-226 
Sr-90 
Tc-99 

Inorganics 
Antimony 
Arsenic 
Boron 
Magnesium 
Manganese 
Mercury 
Uranium-Total 

Organics 
Alphachlordane 

2.694 x lod 330 
1.382 x 106 450 
8.440 x 10" 70 
7 . 5 4 6 ~  104 30 

8.263 x lo2 lo00 
3 . 0 1 9 ~  100 300 
9.577 x 10' 610 
3.223 x 104 530 
4.089 x 102 0 

6.840 x 10' lo00 
2.124 x 10' 520 

4.621 x lQ3 140 

56,44 
65,60 
58,47 
57,46 

54,40 
69,66 
84,88 
54,40 
73,73 

54,40 
75,75 

61 ,53 

2 . 2 2 9 ~  10' 0 
1 . 1 9 3 ~  lod 0 

2.385 x lo9 170 
1 . 0 5 6 ~  10' 40 

5.842 x 1Q2 250 
3.252 x 10' lo00 
4 . 7 5 0 ~  100 290 
2.583 x lob 300 
1.479 x lo2 50 

2.145 x 10' 710 
1.797 x 100 0 

1.453 x lo9 90 

22,70 
31,101 
22,69 
22,69 

22,69 
22,69 
22,70 
22,69 
28,89 
22,69 
26,84 

2 1,65 

1.730 x 1W' 260 
1.045~106 0 

3.719 x 10'' 310 
4 . 5 6 4 ~  104 50 

5.181 x 106 50 
7.184 x 10' 0 

2.018 x 102 480 
3 . 2 5 4 ~  104 720 
1.657 x 100 lo00 

3.445x 1 0 3  io00 
7.934 x loo 640 

8.612 x 10" 150 

62,100 

46,110 
62,100 
62,100 

62,100 
49,108 
62,100 
62,100 
61,99 
55,105 
62,100 

62,100 



TABLE H.3-8 

SUMMARY OF TIhaE, LOCATION, AND MAXIMUM GROUNDWATER CONCENTRATIONS 
OF COCS AT OFF-PROPERTY RECEPTOR LOCATIONS 

Receptor Location: Well 12 Well 12 Well 13 Well 13 
(28.46.11 (28.46.2) (39.44.1) (59.38.1) 

COC Conc. (pg/L) Time Conc. (pg/L) Time Conc. ( p g L )  Time Conc. (pg/L) Time 
Radionuclides 
Np-237 
Ra-226 
Sr-90 
Tc-99 

Inorganics 
Antimony 
Arsenic 
Boron 
Magnesium 
Manganese 
Mercury 
U r anium-To tal 

Organics 

Alpha-Chlordane 

4.10 x 10-6 
2.20 1 0 7  

4.56 x 10-9 
9.95 x 104 

1.32 x 10' 
1.07 x 100 
1.26 x 10' 
4.99 x 104 
6.53 x 10' 
9.48 x lo-' 

1.82 x 100 

4.77 x lo4 

80 
1000 
140 
40 

200 
0 
40 
380 
100 
970 
0 

60 

5.06 x lob 
1.00 x 1 0 7  
2.31 x lo9 
1.19 x 10' 

1.11 x 10' 
5.92 x 10' 
5.90 x 10" 
4.97 x 104 
7.56 x 10' 
6.78 x 10' 
2.47 x 10" 

2.50 x 104 

90 
1000 
150 
40 

300 
0 
50 
990 
150 
990 
0 

70 

8.00 x lob 
1.40 x 1 0 9  
2.60 x 1 0 9  
1.04 1 0 3  

1.47 x 10' 
4.75 x lo2 
9.81 x 10' 
5.58 x 104 
9.79 x 10' 
1.32 x 100 
9.02 x 100 

7.99 x lod 

160 
lo00 
160 
40 

300 
200 
1 70 
370 
600 
660 
20 

90 

1.84 x lob 
1.10 x lo8 
1.19 x 10" 
5.00x 104 

5.88 x lo2 
1.21 x lo2 
3.63 x 10' 
2.09 x lod 
6.21 x 100 
3.94 x 10' 
7.44 x loo 

2.01 1 0 3  

430 
lo00 
210 
40 

650 
lo00 
350 
600 
lo00 
lo00 
430 

8 
a 5  
gzz 

150 g k  
- b  

P 



TABLE 3-8 
(Continued) 

Receptor Location: Well 34 Well 2071 Well 2119 Well 2127 

(5,119 1) (85,669 1) (73,52,1) (5,691) 
COC Conc. &g/L) Time Conc. (pg/L) Time Conc. &g/L) Time Conc. &g/L) Time 
Radionuclides 
Np-237 
Ra-226 
Sr-90 
Tc-99 
Uranium-Total 

Inorganics 
Antimony 
Arsenic 
Boron 
Magnesium 
Manganese 
Mercury 

Organics 
Alpha-Chlordane 

4.39 x la6 
1.50 x 1 0 9  

2.48 x 1013 
1.36 x lo6 
7.92 x 10' 

1.37 x lo4 
4.49 x lo-' 
6.33 x lo3 
5.78 x 10' 
2.22 x loo 

6.92 x lo4 

4.00 x 10-7 

0 
1000 
290 
80 
0 

500 
50 
410 

1000 
850 
1000 

190 

8.95 x lo8 
1.10 x 10-a 
9.34 x 1012 
1.04 x 104 
5.61 x 100 

1.47 x lo3 
4.58 x 10' 
1.06 x 10' 
3.64 x 103 
1.66 x 10' 
4.03 x lo3 

4.35 x 10-5 

450 
lo00 
90 
60 
600 

100 
850 
700 
990 
lo00 
1000 

170 

7.32 x lo7 
1.00 x lod 
4.83 x 

2.07 x 1W 
4.00 x loo 

1.12 x lo' 
2.69 x 10' 
1.64 x 1 v  
8.61 x 103 
1.08 x 10' 

5.71 x 10' 

1.50 x lo' 

450 
0 

260 
40 
410 

100 
loo0 
340 
530 
lo00 
1000 

160 

6.53 x lod 
2.0 x lo8 

2.34 x 

1.43 x lo5 
3.52 x 10" 

1.43 1 0 3  
3.47 x loo 
7.33 x 10' 
6.02 x 102 
1.90 x 10' 
7.11 x lo3 

4.31 x 10" 

0 
lo00 
310 
80 
0 

550 

50 
410 
lo00 
800 
lo00 

190 



TABLE 3-8 * .  
(Continued) . -  

7, 

FEMP FEMP 
Production Production sowc sowc 

Receptor Location: Well Well Coli 1 Coli 1 

(43,75,1) (43,753) (101,38,1) (101,38,5) 
COC Conc. (pg/L) Time Conc. (pg/L) Time Conc. (pg/L) Time Conc. (pg/L) Time 
Radionuclides 
Np-237 
Ra-226 
Sr-90 
Tc-99 

Inorganics 
Antimony 
Arsenic 
Boron 
Magnesium 
Manganese 
Mercury 
Uranium-Total 

Organics 
Alpha-Chlordane 

6.79 x 10-6 
6.00 x 1 O ' O  

2.02 x lO-'O 
3.41 x IO4 

6.68 x lo2 
1.01 x lo2 
6.83 x lo0 
1.06 x 104 
6.05 x IO' 
7.14 x IO2 
5.79 x lo0 

5.95 x I O 6  

40 

lo00 
170 
39 

0 
250 
180 
260 
800 
610 
0 

110 

7.66 x 1 0 7  

6.70 x 1012 
9.93 x 10l2 
8.10 x 10' 

1.86 x lo2 
9.90 x lo3 
4.90 x 10' 
2.07 x 1V 
1.95 x 102 
1.54 x IO2 
2.91 x 100 

1.23 x lo7 

160 1.48 x 10' 
lo00 3.50 x 

240 3.73 x l@" 
30 6 . 6 0 ~  106 

0 5.30 x 104 
lo00 ' 5 . 3 8 ~  10' 
630 2 . 9 4 ~  10' 
970 1.81 x lo2 
0 8.73 x 10' 

1000 1.01 x 104 
30 9.48 x lo2 

130 3 . 6 0 ~  lo'' 

870 2 . 1 8 ~  10' 
lo00 3.70 x 
420 5.36 x 
70 9 . 8 7 ~  106 

800 7.99 x 104 
lo00 8 . 6 0 ~ 1 0 '  
580 4.33 x 10' 
1o00. 2.66 x 10' 
100 1.21 x 100 
lo00 1.44x104 
590 1.41 x 10' 

220 5 . 3 2 ~  10' 

880 
lo00 
420 
70 

850 
lo00 
580 
lo00 
100 
lo00 
590 



TABLE 3-8 
(Continued) 

sowc 
Receptor Location: Coll 2 

sowc 
Coll 2 

S trickers 
Grove 
Well 

N.E. 
Recept. 

(108,52,1) (108,523 (87,44,1) (90,9 1 , 1 1 
COC Conc. (pg/L) Time Conc. (pg/L) Time Conc. bg/L) Time Conc. (pg/L) Time 
Radionuclides 
Np-237 
Ra-226 
Sr-90 
Tc-99 

Inorganics 
Antimony 
Arsenic 
Boron 
Magnesium 
Manganese 
Mercury 
U r anium-Total 

Organics 

Alpha-Chlordane 

8.19 x lo-' 
6.80 x lo-"' 
1.53 x l@13 

5.58 x lo5  

1.58 x lo3 
8.13 x lo2 
5.36 x 100 
1.35 x 103 
5.51 x 10' 
9.75 x lo4 
1.73 x 10' 

1.50 x lo4 

660 1.14 x lo7 
1000 1.20x loB 
160 1.82 x lW3 
70 7 . 6 6 ~  10' 

150 2.19 x lo3 
1000 1.10 x lo1 
850 7 . 3 6 ~  100 
1000 1.85 x 103 
150 8.10 x 10" 
1000 1.29 x lo3 
770 2.33 x 100 

200 2.10 x 10-4 

670 
lo00 
1 60 
80 

150 
lo00 
850 
1000 
150 
1000 
780 

200 

3.06 x 107 
1.80 x lou  
1.38 x loL3 
1.26 x 1W 

9.90 x lo3 
3.32 x lW 
6.12 x 100 
3.76 x 103 
2.34 x 10' 
3.93 x 1 0 3  
1.85 x 100 

7.21 x 104 

820 
lo00 
3 80 

70 

900 
lo00 
550 
lo00 
lo00 
lo00 
560 

210 

1.07 x 10" 
4.50 1 0 3 5  

3.71 x 10'' 
1.23 x 10' 

1.68 x l o 5  
2.57 x lo3 
3.48 x 10' 
4.49 x l e  
2.67 x 
2.80 x 10' 
4.45 x loo 

1.62 x IO8 

710 
lo00 
370 
60 

150 
lo00 
670 
lo00 
lo00 
1000 
790 

1000 



TABLE H.3-9 

GROUNDWATER RECEPTOR CONCENTRATIONS AT TIME OF MAXIMUM CONCENTRATION OF TOTAL URANIUM 

Receptor Location: Well 12 Well 12 Well 13 Well 14 Well 34 Well 2071 Well 2119 Well 2127 

(Grid) (28,461) (28,462) (39,44,1) (59,38,1) (5,11,1) (85,66,1) (73,52,1) (5,691) 

Time (year): 0 0 20 430 0 600 4 10 0 

COC 

Radionuclides (ICgL) 

Np-237 2.180 x 106 1.390 x IO' 1.022 x IO7 1.837 x 106 4.390 x 106 5.477 x 108 6.939 x lo7 6.530 x 106 

Ra-226 6.090 x 10'' 7.510 x 1016 4.324 x IO"' 3.942 x I O 9  0.00 0.00 7.671 x lo7 0.00 

0.00 Sr-90 0.00 0.00 2.065 x IO-'' 1.180 x 10" 0.00 3.911 x l@l4 4.756 x 10'' 

Tc-99 2.100 x lo4 2.470 x IOd 9.850 x lo4 3.890 x lo4 1.110 x 2.460 x l e5  1.465 x lW 9.010 x 10' 

Inorganics bgk) 

Antimony 

Arsenic 

Boron 

Magnesium 

Manganese 

Mercury 

Uranium-Total 

Organics (ICgL) 

Alpha-Chlordane 

3.430 x IO3 

1.070 x 100 

0.00 

0.00 

2.250 x 10' 

0.00 

1.820 x 100 

0.00 

4.030 x 4.781 x 10' 5.874 x lo2 

5.920 x 10.' 1.560 x lod 2.082 x lo3 

0.00 6.300 x 10' 2.453 x 10' 

0.00 6.690 x 100 1.395 x lo4 

5.050 x 10' 6.420 x 10' 3.332 x 100 

0.00 2.656 x l o7  8.786 x 10' 

2.740 x IO" 9.020 x 100 7.442 x 100 

0.00 5.192 x IO4 2.594 x IO4 

8.080 x 10' 

7.450 x 10' 

0.00 

0.00 

1.660 x 10'' 

0.00 

7.920 x 10.' 

0.00 

6.927 x 1W 

2.686 x 10' 

9.496 x 100 

1.052 x lo3 

6.378 x 100 

1.992 1 0 3  

5.606 x 10'' 

6.710 x 10' 

1.079 x 10' 

1.265 x lo-' 

1.087 x IO' 0.00 

5 .14  x 103 0.00 

4.060 x 1W 

1.050 x 100 

3.367 x 10'  

2.461 x 1 0 3  0.00 

3.998 x 100 

1.610 x lOe 

3.520 x 10' 

2.158 x IO-' 0.00 



TABLE H.3-9 
(Continued) 

FEMP FEMP Stricken 
Receptor Location: Production Production sowc sowc sowc sowc Grove NE 

(Grid) Well 'Well . Coll 1 Coll 1 Coll 2 coll 2 Well Recept. 

(43,75,1) (43,753 (101,38,1) (101,38,5) (108,52,1) (108,52,5) (87,44,1) (90,91,1) 

Time (Years): 0 30 590 590 770 780 560 790 

COC 

Radionuclides ( p g b )  

Np-237 

Ra-226 

Sr-90 

Tc-99 

5.790 x 10'' 2.592 x lod 

0.00 1.393 x l@17 

0.00 1.185 x 

2.020 x 10-5 8.100 x 10-5 

Inorganics ( p g b )  

Antimony 

Arsenic 

Boron 

Magnesium 

Manganese 

Mercury 

Uranium-Total 

Organics (pg/L) 
Alpha-Chlordane 

6.680 x lo-' 

3.670 x 108 1.590 x 

1.246 x 10" 

0.00 3.586 x 10" 

0.00 2.475 x 10" 

1.793 x lb 

0.00 3.706 x 10-15 

6.2% x 10' 

5.790 x 10" 2.910 x le 

0.00 4.176 x IO-'' 

4.054 x lo9 

0.00 

3.710 x lo-" 

5.399 x 106 

5.287 x lo4 

1.373 x lo7 

2.930 x 10' 

1.944 x 10' 

1.548 x loz 

4.550 x lU7 

9.478 x lo-' 

1.604 x l v  

5.760 x lo9 7.000 x lod 9.598 x 108 9.026 x 108 9.868 x 10" 

0.00 0.00 0.00 0.00 0.00 

5.334 x lo-'' 1.894 x 2.609 x 1.371 x 2.358 x la'* 
8.081 x lod 2.400 x 10' 3.338 x 10' 1.027 x 104 5.843 x 106 

7.969 x lo4 1.387 x lo3 1.952 x l a 3  9.884 x lo3 8.334 x la7 

2.433 x lo7 1.354 x 10' 2.003 x 10' 6.316 x 108 1.139 x 104 

4.325 x 10.' 4.678 x 100 6.588 x l e  6.097 x 10" 2.024 x 10' 

2.768 x 10' 9.383 x lo2 1.303 x l e  4.198 x l@ 8.661 x 10' 

2.219 x lo-' 1.027 x 10' 1.257 x 10' 1.815 x lo-' 3.414 x lo3 

6.516 x lo7 2.788 x 104 3.703 x 1W 1.926 x 10' 6.914 x 10" 

1.409 x lo-' 1.731 x 10' 2.325 x l e  1.853 x 10" 4.453 x 100 

2.440 x 10" 1.964 x 10" 2.805 x 10" 2.929 x 5.937 x lo-'' 



FEMP-OSFS-4 DRAFT 
November 14, 1994 

The residual perched groundwater contamination will not significantly impact the Great 
Miami Aquifer. 

Surface water infiltration through the SSOD and Paddys Run with residual 
contaminations are the most significant sources of future groundwater contaminations for 
antimony, mercury, magnesium, Sr-90, and Tc-99. 

Surface water mass loadings of antimony, manganese, and mercury are from surface soil 
at the background concentration levels. 

Source areas 575a and 575b are the most significant residual contamination sources for 
Np-237 and magnesium through the vertical migration pathway. 

Groundwater along the northern bedrock boundary of the aquifer does not have a 
significant simulated flow rate. Therefore, this area could become a local stagnation 
zone and result in significant accumulated contaminant concentrations with time. The 
maximum future concentrations of uranium and boron occur in this area due to loading 
from Source Area 560a. The mass loading rates from this area are relatively small. 
The significant groundwater concentrations are caused by long-term accumulation of 
contaminant mass in this small area. 

Residual contamination plumes of arsenic, manganese, and Ra-226 do not migrate 
significantly and remain relatively localized in the 1000-year period, as shown in 
Figures H.3-7 through H.3-9. 

The results of the conceptual long-term performance evaluation of the on-site disposal cell from 
Monte.Carlo simulations are summarized in Appendix F (Section F.5.5.6). Based on these results, 
one may conclude that the WAC and WAC application procedure developed and used in the Operable 
Unit 5 FS generally provide conservative design requirements for the on-site disposal cell. In 
general, uranium concentrations in the aquifer due to future loading from the disposal cell will be 
much less than 20 pglL within the first 500 years, even if the mean performance lifetime of the cap is 
only 600 years with a relatively high standard deviation of 200 years. With very high certainty, the 
future impacts from the on-site disposal cell will be insignificant within the first 200 years, regardless 
of the performance lifetime of the upper clay layer in the multi-layer cap. The future long-term 
impacts (i.e., within lo00 years) from the on-site disposal cell will very likely be acceptable (Le., less 
than 20 pg/L) if the mean performance lifetime of the upper clay layer in the multi-layer cap is longer 
than 800 years. 
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F E M P - O S F S 4 D W  

November 14. 1994 

H.4.0 RISK CHARACTERIZATION 

This section presents the risk characterization methodology and results for the Operable Unit 5 
CRARE. The section has been structured to facilitate an understanding of risk quantification. 
Section H.4.1 discusses the projected exposure model and land-use conditions associated with 
implementation of the adopted site-wide remedy. Section H.4.2 details the general quantification 
techniques needed to evaluate chronic incremental exposure via numerous pathways. Section H.4.3 
presents a discussion of toxicity associated with exposure to chemicals and’radionuclides and the 
values used in this CRARE. Section H.4.4 details the general quantification techniques used to 
estimate incremental carcinogenic and noncarcinogenic risk associated with exposure to chemicals and 
radionuclides. Section H.4.5 presents the results of the previously outlined risk methodology for the 
target receptors associated with the adopted site-wide remedy and additional reference receptors. The 
risk results strictly reflect the incremental risks associated with postremedial sources above 
background (radionuclides and inorganics). Risks associated with postremedial sources including 
variations of background are presented in Attachment H.V. For specific information regarding the 
calculation of the incremental risk results, see Attachments H.111 and H.IV. 

H.4.1 EXPOSURE SCENARIOS FOR SOURCE CONFIGURATION AND LAND USE 
To quantify incremental risks associated with the remediated FEMP site, an exposure scenario for 
source configuration and land use was developed and evaluated. Based on the proposed use of the 
F E W  site as an undeveloped park for the Operable Unit 5 representative remedial alternative (FS 
Alternative 3A, Case 7), two types of target receptor were considered, on-property and off-property. 
The on-property target receptor evaluated is the recreational (undeveloped-park) user, and the off- 
property target receptors are the off-property resident farmers (adult and child). Additional 
(reference) receptors representing other land uses were evaluated to provide a comparison of risk, and 
to show the potential risk in the event that contemplated institutional controls were lost, resulting in 
an alternate land use of the FEMP. Both target and reference receptors are described in Section 
H.4.1.3. 

D 

Postremedial site conditions (as shown in Figure H.2-1) assumed as part of the adopted site-wide 
remedy to include a single on-site disposal cell storing waste from several operable units and residual 
soils within the excavated areas of Operable Unit 5.  The PRLs for the site-wide remedy have been 
set based upon protection of the Great Miami Aquifer to maximum concentration limits (MCLs) 
(existing and proposed) and protection of the undeveloped-park user and off-property farmers. 
conceptual exposure model has been developed for the adopted site-wide remedy and is presented in 
Figure H.4-1. This exposure model presents the sources of contamination, release mechanisms, 
exposure media, exposure pathways, and receptors. Each of these components, which contributed to 
the development and evaluation of the exposure scenario, is described below. 
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AIR b 

GROUNDWATER 
CONTAMINATED 
GROUNDWATER 

AFTER 
REMEDIATION 

INGEST DRINKING WATER 

DERMAL CONTACT/SHOWERING 

FOODARRIGATED CROPS 

-- 

TARGET RECEPTORS i REFERENCE RECEPTORS RELEASE MECHANISMS EXPOSURE MEDIA EXPOSURE PATHWAYS RIMARY SOURCES 

E3 

3 
B INHALATION 

EXTERNAL RADIATION 
c 

I I I 

I, I 

EXTERNAL RADIATION 1 INCIDENTAL INGESTION 

DISPOSAL 

SOIL 
DERMAL CONTACT 

I FOOD I 

VOLATILIZATION/ 

I 

EXTERNAL RADIATION 

INHALATION 

DESPOSITION TO BODY SURFACE 

DEPOSITION TO CROPS PARTICULATE EMISSIONS 

I INH ALATION/SHOW ERING 

DERMAL CONTACT/SHOWERING I I RESIDUAL I 
SURFACE SOIL I AFTER INGESTIONMADING I 

SURFACE WATER F- 1 KEMEDIATION ] 
INGEST DRINKING WATER I 
DERMAL CONTACTNADING 1 

I 
I 
I 

FOOD 

EXTERNAL RADIATION 

INCl DENTAL INGESTION 

DERMAL CONTACT 

I FOOD I 

INHALATION/SHOWERING 

RESIDUAL 

LEGEND: 

1\/1 DENOTES A COMPLETE PATHWAY. POTENTIAL IMPACT OF THIS EXPOSURE PATHWAY IS INSIGNIF'CANT WHEN 
fl PATHWAY-SPECIFIC RISK WILL HE QUAN"IFIEl> IN APPENDIX G .  1"1 COMPARED TO THE OTHER EXPOSURE PATHWAYS FOR THE SAME RECEPTOR. 

EXPOSURE ROUTE INCOMPLETE OR NOT APPLICABLE. CERCLA RISK ASSESSMENT METHODS FOR RADIONUCLIDES DO NOT 
ADDRESS THIS EXPOSURE ROUTE. O O C 0 6 6  >RAm 

FIGURE H.4-1. CONCEPTUAL EXPOSURE MODEL, 
ADOPTED SITE-WIDE REMEDY 



' H.4.1.1 Land-Use Ob iective ConceDtual Model 

6349 
FEMP-OSFS4DRAFT 

November 14, 1994 

Figure H.4-1 presents the conceptual exposure model for the adopted site-wide remedy. The model 
examines the source terms and land uses of the FEMP during the 1000-year period immediately 
following completion of remedial actions. The land-use objective for Case 7 (Operable Unit 5 
representative remedial alternative) has been adopted as the primacy objective of the site-wide 
remedy. The land use objective for off-property areas remains residential farming. 

H.4.1.2 Sources. Waste-Release Mechanisms. and ExDosure Pathways 
COC sources and their potential release mechanisms serve as the primary elements to the exposure 
pathways. Sources, waste-release mechanisms, and exposure pathways identified for the adopted site- 
wide remedy are presented in the conceptual exposure model (Figure H.4-1) and are described below. 

H.4.1.2.1 COC Sources 
After site-wide remediation is complete, it is assumed that all structures will be removed. As shown 
in Figure H.2-1, Postremedial Site Conditions, the features and COC sources remaining at the FEMP 
will be: 

Permanent on-site disposal cell 
Residual contamination in soil that meets the PRLs 
Residual contamination of the Great Miami Aquifer 

As depicted in the exposure model, the sources of residual COCs after remediation is complete may 
include: 

Remediated areas backfilled with clean treated soil 
Soil left undisturbed because it is at or below the target PRLs 
Leachate from the on-site disposal cell 
External radiation released from the disposal cell or residual soils 
Residual contamination in the groundwater after remediation 

This conceptual exposure model addresses the sources of residual COCs that can migrate to other 
environmental media or serve as a direct source of exposure to receptors. 

H.4.1.2.2 Waste-Release Mechanisms 
Release mechanisms identified for the adopted site-wide remedy land-use objective include 
volatilization and gaseous emissions, wind erosion and particulate emissions, surface runoff, leaching, 
and infiltration to the underlying groundwater. 
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Volatilization and Gaseous Emission - Gaseous COCs may be released through volatilization or 
radioactive decay (e.g., radon). Transport through air is expected to be a major pathway for COCs 
in residual soil remaining after remediation. 

Wind Erosion and Particulate Emissions - Release of particulates to the air pathway may occur 
through the generation of particulates by wind or surface soil disturbance. 

Surface Runoff - COCs in the surface soil can impact surface water/sediment through runoff. Runoff 
can transport COCs to receiving surface water bodies where receptors may come in direct contact by 
wading or showering, or indirect contact by irrigation of crops. Surface water transports 
contaminants by conveying dissolved and suspended solids to receptors as it flows across the ground 
surface and along any drainage features. It is assumed that no surface water or sediment runoff 
would occur from the disposal cell due to the presence of an engineered multi-layered capping 
system. 

-him and Infiltratioq - The FEMP site has a humid climate with an average annual rainfall of 
about 40 inches (102 centimeters). A portion of this water percolates through subsurface soil and 
recharges the underlying aquifer. Percolation can also occur, however, to a much reduced degree 
through the disposal cell. COCs in the waste and soil in the disposal cell can be transported vertically 
with this flow. However, degradation, retardation, and radioactive decay have the ability to modify 
the concentrations that eventually reach the aquifer. Dilution of constituents can also occur in the 
groundwater. Eventually, the contaminant completes the pathway by transport to a source of 
groundwater such as a well which can be accessed by a receptor for residential and agricultural use. 

H.4.1.2.3 Exuosure Pathwavs 
The media impacted by the various release mechanisms include air, soil, sediment, surface water, and 
groundwater. Contaminated material within the various media can travel through several exposure 
pathways to which potential receptors may be exposed. An exposure pathway describes the course a 
COC takes from its source to an exposed individual and how the COC enters and affects the human 
body. An exposure pathway links the source, release mechanism, locations, and activity patterns to 
quantify the impact of COCs on hypothetical human receptors. 

F E W O U S F S N A I U U H ~ o v ~ l l .  1994 3:32pm H-4-4 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

IS 

16 

17 

:1 
20 

?I  

2 

?3 

?4 

7.5 

26 

n 

28 

29 

M 

31 

32 



6349  
FEM P-OSFS-4-DRAF” 

November 14, 1994 

There are numerous potential exposure pathways at the FEMP by which receptors can come in 
contact with COCs. These pathways inhalation, incidental ingestion, dermal contact, and external 
radiation. On the right-hand side of the exposure model (Figure H.4-l), the various combinations of 
exposure pathways and media are tabulated. Each pathway and medium is reviewed for applicability/ 
significance for each of the exposed receptors. Pathways identified as being complete and significant 
are denoted with an “X,” while those not expected to result in significant exposures for a given 
receptor are noted, along with an explanation of why these pathways were not included in the 
quantitative risk analysis in the CRARE. The exposure pathways are described below. 

I n h m  - A receptor’s exposure through this pathway begins with COCs being transported from 
their source by air, eventually reaching the receptor through inhalation. The applicability of the 
inhalation pathway depends on the different characteristics of the receptor’s daily activities. The 
significant exposures from this pathway are through the inhalation of gases, including radon, and 
resuspended particulates. 

Inpestion - Direct ingestion of soil, sediment, drinking water, and food are considered significant 
pathways for many receptors. Ingestion of contaminated substances can come from direct or indirect 
routes. For example, a receptor may ingest COCs in drinking water from the aquifer, through 
incidental ingestion while wading in contaminated surface water, or by ingesting vegetation irrigated 
with contaminated water. 

Consumption of meat or milk from animals ingesting contaminated soil, water, or foliage while 
grazing on F E W  property is considered in this risk analysis. Exposure pathways such as ingestion 
of contaminated soil, surface water, sediment, groundwater, and crops are significant for the receptors 
evaluated in this risk assessment. 

Dermal Contaa - This pathway encompasses all of the receptor’s activities that result in direct contact 
with contaminated soil, sediment, surface water, or groundwater. 

External Radiation - Exposure routes are divided into internal and external exposures. Internal 
exposures occur when COCs are introduced directly into the human body through inhalation, 
ingestion, or absorption across dermal surfaces. External exposures do not require physical contact 
and occur when a receptor is in proximity to radioactive material. External exposures are only 
calculated for gamma emitting radionuclides and result in the irradiation of the exposed individual. 
This pathway may be significant for receptors in close proximity to residual soil or waste (e.g., 
on-property receptors). Significant external radiation pathways identified for several of the evaluated 
receptors include exposure to radiation originating from contaminated soil or sediment. I) 
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H.4.1.3 ReceDtoq 
Both on- and off-property receptors were evaluated in this CRARE. Threetarget receptors were 
selected because they are considered RME receptors for the land use specified by the Operable Unit 5 
representative remedial alternative (Le., an undeveloped park). The on-property target receptor is the 
undeveloped-park user, while the off-property target receptors are the resident farmers (adult and 
child). The undeveloped-park user is assumed to make use of the entire FEMP site. The off- 
property residents are assumed to reside outside the existing eastern boundary of the FEMP. 

The conceptual exposure model (Figure H.4-1) presents an additional eight receptors. On-property 
receptors were developed for land uses such as residential/agricultural, commercial/industrial, and 
recreational (park) use. On-property farmers were evaluated for residential and agricultural uses of 
the F E W .  A commercial/industrial receptor was evaluated for potential exposures to a worker 
maintaining the portion of the FEMP site that is restricted and retained for federal ownership (Le., 
disposal cell area). Additionally, an expanded trespasser receptor was evaluated in the event an 
intruder trespasses onto the restricted portion of the FEMP site (Le., disposal cell area). These 
receptor scenarios evaluated for the adopted site-wide remedy are for comparison purposes only. 

This CRAW focuses on the target receptors (Le., undeveloped-park user and off-property residents) 
for the Operable Unit 5 representative remedial alternative. The remaining receptors are "reference" 
receptors presented for comparison purposes. The reference receptors would be applicable in the 
unlikely case that the FEMP lost institutional controls, resulting in alternative land uses. 

H.4.1.3.1 Target ReceDtorS 
UndeveloDed-Park User - The undeveloped-park user was selected to evaluate the potential risk to 
human receptors if portions of the site were released for use as a neighborhood park with limited 
facilities. Under this scenario, there would be no restrooms or developed recreational facilities with 
the exception of walking trails, open spaces of grassy fields, picnic tables, ahd benches. The 
activities for this scenario include ball playing, picnicking, dirt-bike riding, bird watching, and 
wildlife viewing. Because the environmental setting is assumed to be more intensively developed 
(Le., a neighborhood park) versus rural (Le., a wildlife reserve), this scenario is assumed to have a 
greater access potential for youth. Also, the presence of open spaces for playing ball and the types of 
recreation offered by this scenario are assumed to be more attractive to youths and less attractive to 
adults. 

Because there are no restroom facilities provided at the undeveloped park, it is assumed that the 
average use of the park and the exposure time per day will be reduced from the developed-park user. 
Activities such as dirt-bike riding are assumed to increase possible fugitive dust emissions in specific 
areas (Le., in the vicinity of biking trails where this activity is occurring). 
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Exposure pathways for this receptor would'include inhalation of gases, vapors, and dust; ingestion of, 
dermal contact with, and external radiation from residual contaminated soil and sediment; and 
ingestion of and dermal contact with surface water while wading. There would be no exposures to 
residual contaminants in the Great Miami Aquifer or perched water zones. 

Off-ProDertv Resident Farm Adult - The inclusion of a farmer, assumed to live immediately adjacent 
to the existing FEMP property boundary, was determined to be highly likely based on current 
conditions and has therefore been included as a target receptor in this risk analysis. The major 
concern for this receptor is the exposure received from regular use of water from the Great Miami 
Aquifer for both residential and agricultural uses. This farmer could also be exposed to COCs from 
site residual contaminants carried by the wind as gases, vapors, and particulates. This receptor would 
be exposed to on-property residual soil through dermal contact or external radiation since off-property 
soils have received contaminants as a result of disposition. 

Exposure pathways for this receptor would include: inhalation of gases, vapors, and dust; ingestion 
of food products affected by residual contaminated dust from the site; ingestion of, dermal contact 
with, and external radiation from residual contaminated soil; inhalation and dermal contact with 
contaminated water from the Great Miami Aquifer while showering; ingestion of contaminated 
groundwater while drinking; and consumption of food products (e.g., produce, dairy products, and 
meat) irrigated with contaminated groundwater. 

Off-ProDertv Res ident Farm C hild - The child (ages 1 through 6) living off-property, adjacent to the 
FEMP, is evaluated as a subpopulation of concern because this receptor is more sensitive to exposure 
than adults. For this reason, this receptor has been evaluated in this risk analysis. A young child 
residing adjacent to the FEMP is assumed to be exposed through the same pathways as the adult off- 
property farmer. 

H.4.1.3.2 Reference Recepto rs 
On-ProDertv Resident Farm Adult - If the FEMP lost all institutional controls contemplated by the 
adopted site-wide remedy, the site could potentially revert to residential and agricultural uses in the 
future, and an adult farmer could reside on the site after remediation. Potential exposures to this 
receptor may result from direct contact with residual contaminated soil and groundwater. 

Exposure pathways for this receptor would include: inhalation of gases, vapors, and dust; ingestion 
of food products affected by residual contaminated dust from the site; ingestion of, dermal contact 
with, and external radiation from residual contaminated soil; inhalation and dermal contact with 
contaminated water from the Great Miami Aquifer while showering; ingestion of contaminated 
groundwater while drinking; and consumption of food products (e.g., produce, dairy products, and 
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meat) irrigated with contaminated groundwater. These pathways assume the on-property farmer 
(adult) would reside on the remediated FEMP and would be growing produce, tending livestock, and 
performing general farming activities. 

On-ProDertv Resident Farm Child - The child (ages 1 through 6) living on the property would form a 
subpopulation of concern because they may be more sensitive to exposure than adults. A young child 
residing on the remediated FEMP is assumed to be exposed through the same pathways as the adult 
on-property farmer. 

Commercialflndustrial User - A worker could be present on the property conducting groundskeeper 
and maintenance activities throughout the FEMP (not just for Operable Unit 5). Exposure pathways 
would include: inhalation of fugitive dusts; organics, and gases; and dermal contact with, incidental 
ingestion of, and external radiation from residual contaminated soil while on the site. 

DeveloDed-Park User - This receptor would be used to evaluate the potential residual risks to human 
receptors if all or portions of the site were released for a neighborhood park which included 
developed recreational facilities. Under this scenario, restrooms would be available as well as 
developed recreational facilities such as playgrounds, ball fields for organized sports teams, and picnic 
facilities. In combination, these developments are assumed to attract more visitors and encourage 
greater family use of the remediated FEMP site. The activities for this scenario are assumed to result 
in greater use of the site by children. In addition, the availability of restroom facilities would 
encourage a longer average use per day per person. The development of ball tields and playgrounds 
is assumed to result in larger areas of exposed (nonvegetated) soil. The primary effect of exposing 
areas of bare soil, especially on baseball fields, would be to increase particulate resuspension from 
wind erosion. 

Exposure pathways examined for this receptor are the same as those examined for the undeveloped- 
park user presented above. 

Wildlife-Reserve User - This receptor would be used to evaluate the potential residual risk to human 
receptors if all or portions of the site were released for use as a wildlife reserve. Under this scenario, 
there would be no restroom facilities and no developed recreational facilities with the possible 
exception of hiking or walking trails. Activities would include hiking, bird watching, and viewing 
other wildlife. An area would be included for adults to walk their pets. The intent of this 
environmental site setting would be to minimize disturbance of wildlife species. Activities such as 
hiking and wildlife viewing in a natural setting would be done primarily by older teenage children 
(age 13 to 18) and adults. Because there would be no restroom facilities or developed playgrounds or 
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ball parks, the type of recreation offered by this scenario is assumed to be less attractive for a young B 
child, adolescent (age 7 to 12), or senior adults. 

The contact rate would be determined based on the age of the receptor, activities, and the exposure 
time. Because there are no restroom facilities, the average exposure time of 1 hour a day was 
assumed for young children and senior adults, and 2 hours a day was assumed for the youth and 
adult. Because the activities associated with this scenario are limited to passive recreation, the air 
particulate concentrations are assumed equal to modeled ambient levels occurring as a result of wind 
erosion, assuming a reasonable vegetation cover of 85 percent. 

Exposure pathways examined for this receptor would include: inhalation of gases, vapors, and dust; 
ingestion of, dermal contact with, and external radiation from residual contaminated soil and 
sediment; and ingestion of and dermal contact with surface water while wading. 

ExDanded TresDasser - The expanded trespasser is a composite adultkhild who illegally uses the 
restricted portion of the site for recreational purposes. This hypothetical individual would visit the 
site despite continued federal institutional controls. No specific location would be assigned as the 

expanded trespasser may wander over the entire FEMP site, except for the on-site disposal cell. 
Exposure pathways for the expanded trespasser would include: inhalation of fugitive dusts, volatile 
organics, and gases; dermal contact with, incidental ingestion of, and external radiation from site soil 
and sediment; and incidental ingestion of and dermal contact with surface water. 

I) 

Great Miami River User - The Great Miami River user was included to evaluate the exposures 
incurred during the activities of a receptor who frequently uses the Great Miami River for recreational 
purposes. The activities of this receptor may include swimming, boating, etc,. 

The risk from pathways for this receptor was evaluated for special cases in which an RME was not 
considered to be exposed, but could be used as an add-on element to risk. For example, any of the 
RME receptors could also be users of the Great Miami River and, therefore, risk from this pathway 
can be additive to receptor risk. 

Exposure pathways for this receptor include ingestion and dermal contact with surface water from the 
FEMP that has drained into the Great Miami River. Additional uses of the Great Miami River 
include household and agricultural. Under these uses, a receptor could be exposed through ingestion 
of and dermal contact with water from the river. The agricultural user is exposed through ingestion 
of food products irrigated with water from the river. 
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Meat and Milk Consumer - This receptor was evaluated to assess the hazards and risks associated 
with the use of animal products produced by cattle grazing on the remediated FEMP site. Exposure' 
pathways for this receptor include: ingestion of dairy and meat products from cattle grazing, crops 
affected by dust from the site, and groundwater from the Great Miami River. 

As with the Great Miami River user, RME receptors (not including on- and off-property farmers) 
could also be consumers of animal products produced from cattle grazing on the FEMP site. This 
pathway can be additive to risk for these receptors. 

H.4.2 INTAKE OUANTIFICATION 
Exposure is defined as the contact of an organism with a chemical or physical agent. Exposure can 
occur through multiple pathways, including inhalation, dermal contact, and incidental ingestion 
resulting from of the contaminant being taken into the body. The amount of contaminant acquired is 
referred to as the contaminant intake. The fraction of the contaminant absorbed into the body (across 
the membranes of the gastrointestinal or respiratory system, or through the skin after dermal contact) 
is referred to as the dose or the absorbed dose of contaminant. - This section describes the 
quantification of these intakes or doses. The general quantitative methodologies employed on the 
various types of contaminants are presented here. A detailed discussion of equations and parameters 
used in the quantification of exposures for the 11 RME receptors are consistent with those used in the 
Operable Unit 5 baseline risk assessment and are presented in Attachment H.111. 

In evaluating cancer risks and the potential for adverse noncarcinogenic health effects, it was 
necessary to estimate contaminant intake for the exposed receptor. For both carcinogenic and 
noncarcinogenic risk determination, average long-term daily intakes were used to estimate risk. The 
chronic daily intake.(CDI) for. hazardous chemical contaminants was estimated based on the 
following: 

CDI = C x CR x EFD/BW x 1/AT (H.4-1) 
where 

CDI = chronic daily intake (mg/kg body weight/d), 
C = chemical concentration in exposure medium (mg/L), 
CR = contact rate with exposure medium (L/d), 
EFD = exposure frequency and duration (d/y, years), 
BW = body weight (kg), and 
AT = average time, e.g., the period over which exposure is averaged (days). 

In the case of cancer risk assessment, the average lifetime daily intake was used to estimate the ILCR, 
and AT equalled a full 70-year lifespan. For noncarcinogenic risk assessment, intake was evaluated 
over the period during which exposures occur, and AT equalled the duration of exposure. In' the case 
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of dermal exposures, time-weighted absorbed doses were calculated rather than intakes. Otherwise, 
time-weighted average doses were calculated in the same manner as the contaminant intakes described 
above. 

The equations used to calculate the intake of radioactive material by ingestion or inhalation were 
adapted from RAGS (EPA 1989a). The intake equations follow. 

Inhalation: 

CDI (pCi) = C x IR x ED x EF x ET (H .4-2) 

Ingestion of soils, liquids, and products: 

CDI (pCi) = C x IR x ED x EF x FI (H .4-3) 
where 

C 
IR 
ET = exposure time @/d) 
EF = exposure frequency (d/y), 
ED = exposure duration (y), and 
FI = fractional intake (unitless) 

= concentration oEcontaminant in exposure media (pCi/m3, pCi/mg, pCi/kg, or pCi/L), 
= inhalation or ingestion rate of media (m3/d, mg/d, kg/d, or L/d), 

The exposure pathways evaluated for each receptor are discussed in Section H.4.1. The exposure 
point concentrations used for this CRARE are presented in Attachment H.111. The exposure 
parameters and factors used are summarized in Attachment H.111. The exposure parameters were 
based on those used in the draft Operable Unit 5 RI report. Specifically, the receptor intakes of 
COCs were quantified using the methods, models, and parameters specified in the RAWPA (DOE 
1992a), the Supplemental Guidance to the RAWPA (DOE 1994g), and the SWCR (DOE 1993a) with 
the following exceptions. 

The soil ingestion rate adopted for the commercial/industrial was 100 mg/day, consistent with the 
value used in the Operable Unit 4 RI report. 

The soil ingestion rate for the RME adult farmer is a site-specific, time-weighted average value based 
on specific activities performed during the course of the receptor’s lifetime and the relative length of 
time spent in each activity. The first six years of this receptor’s life are spent as a young child 
ingesting 0.2 g/day for 350 dayslyear (a total of 420 grams). Between 18 and 70 years of age, the 
RME farmer is assumed to spend 50 years working a farm. Assuming the farmer follows the usual 
and recommended agricultural practices in Hamilton County, he will spend 100 days/year outdoors 
working the land, during which he is assumed to consume 0.48 g/day of soil (a total of 2400 grams). 
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During the remaining 250 days a year spent on the property, the resident farmer ingests soil at a rate 
of 0.1 g/day, adding another 1250 grains of soil to the farmer’s intake during this 50 years. During 
the remaining 14 years (12 years as an older child and 2 years as an adult), it is assumed that the soil 
ingestion rate is 0.1 g/day for each of the 350 days/year spent on site (a total of 490 grams). The 
total soil ingestion, 4560 grams, divided by 25,550 days (365 days x 70 years) yields a time-weighted 
average intake of 0.18 g/day (180 mg/day). 

H.4.3 TOXICITY ASSESSMENT 
Two human-health effects are addressed in the toxicity assessment for Operable Unit 5: carcinogenic 
risks and noncarcinogenic hazards. Carcinogenic risks may be caused by exposure to a chemical 
carcinogen or ionizing radiation from a radionuclide. The effects of carcinogenic exposure include 
tumors, sarcomas, and cancer. Potential noncarcinogenic effects of contaminants are numerous and 
range from kidney or liver damage to localized effects such as skin or eye irritation. 

Carcinogenic risk is quantified by the ILCR and is expressed in terms of the probability that a given 
receptor will develop cancer as a result of estimated exposures. For example, if the receptor has an 
additional risk of 1 in 10,OOO of developing cancer due to these exposures,.the probability is 
expressed as 1W (1/1O,OOO) risk. A chemical intake calculated in the exposure assessment is 
multiplied by the specific cancer slope factors (CSF) developed by EPA to determine the ILCR for 
any given constituent. 

In the evaluation of potential exposures for the noncarcinogenic hazards, it was assumed that a dose 
threshold exists for a given constituent below which no toxic effect will occur. This threshold is used 
to develop an acceptable intake level, known as a reference dose (RfD). To estimate the 
noncarcinogenic health hazard, the estimated intake (calculated from the exposure assessment) was 

divided by the acceptable intake. This ratio is called the hazard quotient (HQ). When HQs for 
multiple COCs are summed for a particular pathway, the resultant value is the HI. If the ratio of 
estimated intake to the acceptable intake is greater than 1, the site-related intake is considered to 
increase the risk of noncarcinogenic toxic effects. 

Toxicity profiles for Operable Unit 5 COCs can be found in Appendix A of the RI report @OE 
19940. The most recent versions of the data from the Integrated Risk Information System (IRIS) 
database (EPA 1994a) and Health Effects Assessment Summary Tables (HEAST EPA 1994b) were 
used to obtain CSF and RfD values. Those values used to quantify risk in this C U R E  are presented 
in Section C.4. 
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B The following are exceptions, where information from one chemical was used to model a compound 
class: 

The carcinogenicity of all polychlorinated biphenyl (PCB) isomers is assumed to be equal 
to the carcinogenicity of Aroclor-1260 because dose-response data for the other isomers are 
inconclusive . 
The carcinogenicity of dioxins and furans are determined using EPA's revised 1989 
Toxicity Equivalency Factors (TEFs) @PA 199Od). The TEFs were determined with the 
basic assumption that all dioxins and furans are carcinogenic. 

0 The carcinogenicity of polycyclic aromatic hydrocarbons (PAHs) is determined initially 
using the benzo(a)pyrene cancer slope factors and refined using a relative potency approach 
(Clement 1988, 1990). 

For risk assessment purposes, mixtures of chlorinated dibenzo-pdioxins (CDDs) and chlorinated 
dibenzofurans (CDFs) can be evaluated using EPA's toxicity equivalency method. This approach, 
based on available toxicological data, uses derived TEFs to convert the concentration of CDD or CDF 
congeners into an equivalent concentration of 2,3,7,8-tetrachlorodibenzo-pdioxin (2,3,7,8-TCDD). 
Table H.4-1 presents the TEFs for a variety of CDD and CDF congeners. Congeners containing 
chlorines at the 2,3,7, and 8 positions are considered to be more toxic, and congeners without 
chlorines at those positions are assigned a TEF of "0." However, to be more conservative, all 
unspecified congeners are assumed to be the more toxic form. 

D 

Carcinogenic risk associated with PAHs are determined by applying the relative potency approach 
described by Clement (1988 and 1990). This approach, approved by EPA Region V, considers the 
relative potency of the individual PAHs and allows site-specific PAH concentrations to be expressed 
as relative benzo(a)pyrene concentrations in the risk assessment. The relative potency factors for 
PAHs are presented in Table H.4-2. 

H.4.4 RISK CHARACTERIZATION METHODOLOGY 
In this CRARE, the potential risks to humans following exposure to postremediation residual COCs 
(radionuclides and nonradioactive chemicals) have been estimated using methods established by the 
EPA. The EPA has provided guidance documents and databases for characterizing human health risk, 
and these have been used as major sources in preparing CRARE risk assessments: 

Risk Assessment Guidance for Superfund (EPA 1989a and 1991a) 
Integrated Risk Information System (EPA 1994a) 
Health Effects Assessment Summary Tables (EPA 1994b) 
Exposure Factors Handbook (EPA 1989d) 
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H.4.4.1 Hazardous Che mical EXDOSU ra 
Risks !?om nonradionuclide COCs have been estimated for carcinogenic and/or noncarcinogenic 
effects. Some carcinogens may also pose a noncarcinogenic toxic hazard. 
an IUD available, the noncarcinogenic HQ was calculated. Effects due to exposures from these 

2 

3 For those COCs that have 
4 

chemicals have been characterized for both types of health effects. 5 

6 

TABLE H.4-1 

DIOXIN AND FURAN TOXICITY EOUIVALENCY FACTORS" 
ComDound TEF 
Dioxins 
Mono-, Di-, and Trichlorodibenzo-pdioxins 
2,3,7,8-Tetrachlorodibenzo-pdioxin (TCDD) 

2,3,7,8-Pentachlorodibenzo-pdioxin (PeCDD) 

2,3,7,8-Hexachlorodibenzo-pdioxin (HxCDD) 

2,3,7,8-Heptachlorodibenzo-pdioxin (HpCDD) 

Octachlorodibenzo-pddioxin (OCDD) 

Other TCDDs 

Other PeCDDs 

Other HxCDDs 

Other HpCDDs 

Furans 
Mono-, Di-, Trichlorodibenzo-p-furans 
2,3,7,8-Tetrachlorodibenzo-p-furan (TCDF) 

1,2,3,7,8-Pentachlorod ibenzo-p-furan (PeCDF) 
2,3,4,7,8-Pentachlorodibenzo-p-furan (PeCDF) 

2,3,7,8-Hexachlorodibenzo-p-furan (HxCDF) 

2,3,7,8-Heptachlorodibenzo-p-furan (HpCDF) 

Octachlorodibenzo-p-furan (OCDF) 

Other TCDFs 

Other PeCDFs 

Other HxCDFs 

Other HpCDFs 

0 
1 
0 
0.5 
0 
0.1 
0 
0.01 
0 
0.001 

0 
0.1 
0 
0.05 
0.5 
0 
0.1 
0 
0.01 
0 
0.001 

U.S. EPA, 1989, "Interim Procedures for Estimating Risks Associated 
with Exposures to Mixtures of Chlorinated Dibenzo-pdioxins and 
Dibenzofurans (CDDs and CDFs) and 1989 Update," PB90-145756. 
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TABLE H.4-2 

TOXICITY EQUIVALENCY FACTORS (TEFs) AND 
CORRESPONDING ORAL AND INHALATION SLOPE FACTORS 

FOR THE GROUP B2 PAHs' 

Oral Slope Inhalation Slope 

PAH Potency (mg/kgday)' (mg/kgday)' 

Benzo(a)p yrene 1 .o 7.3 6.1 

Relative Factor Factor 

Benzo(a)anthracene 

Benzo(b)fluoranthene 

0.1 

0.1 

0.73 0.61 

0.73 0.61 

Benzo(k)fluoranthene 0.01 0.073 0.061 

Chrysene 0.001 0.0073 0.0061 

Dibenzo(a,h)anthracene 

Indeno( 1,2,3-cd)pyrene 

1 .o 
0.1 

7.3 6.1 

0.73 0.61 

"US. EPA, 1993, Provisional Guidance for Quantitative Risk Assessment of Polycyclic Aromatic 
Hydrocarbons, EPA/600/R-93/089, EPA Washington, D.C. 

Risk Characterization MethodolQgy for Carcinogens 
The risk attributed to a carcinogen was estimated as the ILCR of an individual as a result of exposure 
to the substance. At low doses, the risk of developing cancer was estimated as follows (EPA 1989a): 

Risk = (CDI)(SF) 04.4-4) 

where 

Risk 
CDI 
SF = slope factor (mg/kg/day)-'. 

= risk of cancer incidence, expressed as a unitless probability, 
= chronic daily intake averaged over 70 years (mg/kg/day), and 

For dermal exposure, cancer risks were calculated using adjusted toxicity factors based on absorbed 
doses of contaminants rather than contaminant intakes. For a given pathway with simultaneous 
exposure of a receptor to several carcinogens, the following equation was used to sum cancer risks: 

Risk, = Risk (chem,) + Risk (chemd + ... Risk (chemJ (H .4-5) 

where 

Risk, 
Risk (chem,) 

= total pathway risk of cancer incidence and 
= risk associated with an individual carcinogenic chemical. 
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In compliance with EPA guidance (EPA 1989a), the ILCR values estimated in this CRARE for the 
potentially exposed receptor were compared to an incremental upper-bound lifetime cancer risk of lo" 

to 106. 

Risk Characte rization Methodo logy for No ncarcinopem 
The risk associated with exposure to noncarcinogenic hazardous COCs was evaluated by comparing 
an exposure level or intake to an RfD. It is recognized that this methodology for assessing the human 
health effect for noncarcinogens does not give a measure of risk as is calculated for the carcinogens. 
Even so, for convenience, the term "risk" will continue to be used when discussing these evaluations. 
The ratio of intake/RfD for a single contaminant is the HQ and is defined as (EPA 1989a): 

HQ = I/RfD (H.4-6) 

where 

HQ = hazard quotient (unitless), 
I = intake of a chemical (mg/kg/day), and 
RfD = reference dose (mg/kg/day). 

When using this equation to estimate potential noncarcinogenic risk, the intake and RfD must be for 
exposures of equivalent duration (e.g., subchronic, chronic, or fewer than two weeks). For this 
CRARE, COC exposures have been evaluated in all cases on a chronic basis, using chronic RfD 
values. Analogous to cancer risks, dermal noncancer risks were assessed using absorbed dose rather 
than intake. 

In the case of simultaneous exposure of a receptor to several chemicals, an HI was calculated as the 
sum of the HQs by: 

HI = Ii/RfD, + IJRfD, + ... Ii/RfDi (H.4-7) 

where 

HI = hazard index (unitless), 
Ii = intake for the i* toxicant, and 
RfDi = reference dose for the i* toxicant. 

An HI is an indicator of the potential for adverse effects associated with chronic exposures to multiple 
chemicals. In effect, HIS assume dose additivity for all COCs (EPA 1989a). 

In compliance with EPA guidance (EPA 1989a), the noncarcinogenic HIS summed across pathways 
were compared to "unity." An HI of unity indicates that the exposure intake is equal to the RfD. If 
the HI is greater than 1 or "above unity," there is concern for potential health effects. Major 
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categories of noncarcinogenic health effects include neurotoxicity, developmental toxicity, 
reproductive toxicity, immunotoxicity, and adverse effects on target organ, such as hepatic, renal, 
respiratory, cardiovascular, and dermal/ocular problems (EPA 1989a). 

H.4.4.2 Radiolo ual ' ExDosurq 
The procedures for estimating the total lifetime excess cancer risks due to exposure to radionuclides 
are described in this section. 

Risk Characte rkation Methodolorn for Internal ExDOSUreS 
Risk characterization for internal exposures to radionuclides (intake via inhalation or ingestion) was 
calculated as follows @PA 1989a): 

Risk = (I)(SF) (H .4-8) 

where 

Risk 
I 
SF = slope factor (pCiX'. 

= risk of cancer incidence, expressed as a unitless probability, 
= lifetime radionuclide intake @Ci), and 

B The slope factor is either a HEAST value for a particular radionuclide or the sum of the HEAST 
slope factors for that radionuclide and its short-lived progeny to account for ingrowth during storage 
and/or environmental transport. 

Risk Characterization Methodologv for External Gamma Exposures 
For this CRARE, risk characterization for external exposure to gamma-emitting radionuclides in 
contaminated surface soil was calculated as follows (DOE 1992a): 

Risk = (SF)[(CJ(EF)(ED)(ET)(l - SH)] (H .4-9) 

where 

Risk 
c, 
SF 
ET 
ED = exposure duration (years), 
EF 
SH = shielding factor (unitless). 

= risk of cancer incidence, expressed as a unitless probability, 
= radionuclide soil concentration @Ci/g), 
= radionuclide slope factor (risWyr/pCi/g) from EPA (1994a), 
= fraction of day exposed (unitless), 

= modifying factor, fraction of year exposed (unitless), and 
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Externai slope factors do not include contributions from decay products (radioactive progeny). In 
some cases, these contributions were substantial and required the inclusion.of progeny in the overall 
risk calculation. 

H.4.5 ILCR Residual Human Health Risb  
This section presents summaries of the ILCR and HI as calculated for each of the target and reference 
receptors. Complete calculation sheets can be found in Attachment H.IV. All risks in this section 
were calculated using the method set out by CRARE Option where the background concentrations of 
radionuclides and inorganics were subtracted for residual source term concentrations. 

H.4.5.1 m e t  ReCeDtQlS 

The following paragraphs present a summary of risk analyses for the RME individual under the 
adopted site-wide remedy. These receptors and corresponding risks represent a conservative estimate 
in accordance with the use of the FEMP as an undeveloped park. 

Undevelo~ed-Park User 
The undeveloped-park user represents the projected postremedial site user under the adopted site-wide 
remedial alternative. The carcinogenic (ILCR) and noncarcinogenic (HI) risks associated with the 
undeveloped-park user are presented in Table H.4-3. 

The total HI for this receptor (1.0 x 10-7 is primarily due to dermal contact with soils (8.2 x lo3)  and 
is below the benchmark of 1.0. The principal contributor is uranium (6.6 x lo’). 

The total ILCR for the undeveloped-park user (2.2 x 106) is a result of direct radiation exposure 
(1.8 x 106) and is within the risk .range of lob. Radium (1.5 x 106) is the primary contributor. 

Off-ProDertv Resident Farm Adult 
Projected future land use assumes continued farming adjacent to the FEMP. The off-property 
resident farm adult represents the most conservative off-property receptor for carcinogenic evaluation. 

The risk results for this receptor are presented in Table H.4-4. The total HI for this receptor is 
1.6 x lo’, well below the benchmark of 1.0. 
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TABLE H.4-3 

SUMMARY OF POTENTIAL HEALTH EFFECTS: 
UNDEVELOPED-PARK USER" 

Exposure Pathway RME Receptor HIb 
Inhalation of particulates (chemicals) NAc 
Incidental ingestion of residual soils (chemicals) 
Dermal contact with residual soils (chemicals) 
Ingestion of meat (chemicals) 
Ingestion of dairy products (chemicals) 
Ingestion of vegetables and fruit (chemicals) 
Ingestion of drinking water (chemicals) 
Dermal contact while bathing (chemicals) 
Incidental ingestion while wading (chemicals) 
Dermal contact while wading (chemicals) 

RME Individual HI = 

1.6 x lo4 

NA 
NA 
NA 
NA 
NA 

5.7 x 10" 

1.0 x 10'2 

8.2 x 1 0 3  

1.6 x 10-3 

Exposure Pathway 
Inhalation of particulates (chemicals) 

RME Receptor Total Risk 
6.5 x 1012 

Inhalation of particulates (radionuclides) 
Incidental ingestion of residual soils (chemicals) 
Incidental ingestion of residual soils (radionuclides) 
Dermal contact with residual soils (chemicals) 
Ingestion of drinking water (chemicals) 
Ingestion of drinking water (radionuclides) 
Incidental ingestion while wading (chemicals) 
Dermal contact while wading (chemicals) 
Incidental ingestion while wading (radionuclides) 
Ingestion of meat (chemicals) 
Ingestion of meat (radionuclides) 
Ingestion of dairy products (chemicals) 
Ingestion of dairy products (radionuclides) 
Ingestion of vegetables and fruit (Chemicals) 
Ingestion of vegetables and fruit (radionuclides) 
Direct radiation 

RME Individual Total Risk = 

7.3 109 

1.5 x 1014 
2.2 1 0 7  

3.2 x 

NA 
NA 

4.2 x lo8 
6.4 x 
9.6 x l@'O 

NA 
NA 
NA 
NA 
NA 
NA 

1.8 x 10" 
2.2 x 10" 

All risk values include a correction for radionuclides and inorganic background concentrations. 
HI = Hazard Index. 
NA = Not applicable. Exposure route is incomplete. 

I 



FEMP-OSFS4DFtAFT 
November 14, 1994 

The estimated total ILCR (4.3 x l @ )  is within the target risk range (lo4 to lo"). The principal 
contributors are the risks due to ingestion of dairy products, 1.3 x lo' for.chemicals and 1.2 x IO-' 
for radionuclides. The primary drivers are Aroclor-1254 and benzo(a)pyrene for chemicals and 
technetium for radionuclides. 

e m  Resident Farm Child 
The off-property resident farm child represents the most conservative off-property receptor for 
noncarcinogenic risk evaluation under the adopted site-wide remedy land-use conditions. 

The total HI for this receptor (7.2 x 10-I) is below the benchmark of 1.0 primarily due to the 
ingestion of dairy products (2.7 x lo-'), ingestion of vegetables (1.6 x lo'), dermal contact while 
bathing (1.3 x lo-'), and drinking water ingestion (1.1 x lo'), as shown in Table H.4-5. The 
principal contributors are uranium and magnesium. 

A total ILCR of 1.7 x lo5 is predicted for this receptor, with ingestion of dairy products (1.4 x l o J )  
and ingestion of vegetable products (1.6 x lod) contributing more than 90 percent of the total (Table 
H.4-5). The total ILCR' is within the target risk range, with the principal contributors being Aroclor- 
1254 and benzo(a)pyrene. 
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H .4.5.2 Reference ReceDtors 
The following section presents a summary of risk analyses for hypothetical receptors under the 
unlikely scenario that land-use controls fail. These receptors have been provided for comparison 
purposes only. They are not envisioned as being viable under the adopted site-wide remedy. 

On-ProDertv Resident Farm Adult . 
The on-property resident farm adult is based on the assumption that there is complete loss of land-use 
restrictions. This scenario is the least likely of the reference receptors. 

HI and ILCR values for this receptor are presented in Table H.4-6. The total HI (1.0 x 10 equals 
the benchmark of 1 .  The ingestion of vegetables and fruit has the highest HI value (4.7 x l o ' ) ,  with 
the principal contributors being magnesium (2.4 x 10') and antimony (1.3 x lo-'). The ingestion of 
drinking water has an HI of 1.6 x lo-', with the'principal contributors being uranium (7.9 x 10-7 and 
manganese (7.8 x l@?. The ingestion of dairy products has an HI of 2.6 x lo-', with the principal 
contributor being magnesium (2.4 x lo-'). 
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TABLE H.4-4 
SUMMARY OF POTENTIAL HEALTH EFFECTS: 

OFF-PROPERTY RESIDENT FARM ADULT' 

Exposure Pathway RME Receptor HIb 

Inhalation of particulates (chemicals) 
Incidental ingestion of residual soils (chemicals) 
Dermal contact with residual soils (chemicals) 
Ingestion of meat (chemicals) 
Ingestion of dairy products (chemicals) 
Ingestion of vegetables and h i t  (chemicals) 
Ingestion of drinking water (chemicals) 
Dermal contact while bathing (chemicals) 
Incidental ingestion while wading (chemicals) 
Dermal contact while wading (chemicals) 

RME Individual HI = 

NA" 

2.1 x lo2 
7.3 x lo6 
2.6 x lo2 
3.9 x lo2 
4.7 x 
2.7 x lo-' 

NA 
NA 

1.6 x lo-' 

3.3 x 10-3 

Exposure Pathway RME Receptor Total Risk 

Inhalation of particulates (chemicals) 
Inhalation of particulates (radionuclides) 
Incidental ingestion of residual soils (chemicals) 
Incidental ingestion of residual soils (radionuclides) 
Dermal contact with residual soils (chemicals) 
Ingestion of drinking water (chemicals) 
Ingestion of drinking water (radionuclides) 
Dermal contact while bathing (chemicals) 
Incidental ingestion while wading (chemicals) 
Dermal contact while wading (chemicals) 
Incidental ingestion while wading (radionuclides) 
Ingestion of meat (chemicals) 
Ingestion of meat (radionuclides) 
Ingestion of dairy products (chemicals) 
Ingestion of dairy products (radionuclides) 
Ingestion of vegetables and fruit (chemicals) 
Ingestion of vegetables and fruit (radionuclides) 
Direct radiation 

RME Individual Total Risk = 

2.0 x 16'O 
3.1 x 10-7 
7.8 x 10-7 
1.4 x 107 
1.1 x lo6 

NA 
1.9 x 

NA 
NA 
NA 
NA 

1.0 x lo8 
2.5 x lo4 
1.3 x lo5 
3.2 x IOd 
7.3 x lo6 
3.0 x lo6 
4.3 x 10" 

1.2 x 10-5 

a All risk values include a correction for radionuclides and inorganic background concentrations. 

E NA = Not applicable. Exposure route is incomplete. 
HI = Hazard Index. 



I 
~ 

. \  
. , . .. -'- . .  4 P ., . . .- 

E M  P - O S F S 4 D W  
November 14, 1994 

TABLE H.45 
SUMMARY OF POTENTIAL HEALTH EFFECTS: 

OFF-PROPERTY RESIDENT FARM CHILD' 

Exposure Pathway RME Receptor HIb 

Inhalation of particulates (chemicals) 
Incidental ingestion of residual soils (chemicals) 
Dermal contact with residual soils (chemicals) 
Ingestion of meat (chemicals) 
Ingestion of dairy products (chemicals) 
Ingestion of vegetables and fruit (chemicals) 
Ingestion of drinking water (chemicals) 
Dermal contact while bathing (chemicals) 
Incidental ingestion while wading (chemicals) 
Dermal contact while wading (chemicals) 

RME Individual HI = 

NA" 
1.7 x lo2 
3.4 x 
1.3 x 10" 
2.7 x 10' 
1.6 x 10' 
1.1 x lo-' 
1.3 x lo-' 

NA 
NA 

7.2 x 10' 

Exposure Pathway RME Receptor Total Risk 

Inhalation of particulates (chemicals) 
Inhalation of particulates (radionuclides) 
Incidental ingestion of residual soils (chemicals) 
Incidental ingestion of residual soils (radionuclides) 
Dermal contact with residual soils (chemicals) 
Ingestion of drinking water (chemicals) 
Ingestion of drinking water (radionuclides) 
Dermal contact while bathing (chemicals) 
Incidental ingestion while wading (chemicals) 
Dermal contact while wading (chemicals) 
Incidental ingestion while wading (radionuclides) 
Ingestion of meat (chemicals) 
Ingestion of meat (radionuclides) 
Ingestion of dairy products (chemicals) 
Ingestion of dairy products (radionuclides) 
Ingestion of vegetables and fruit (chemicals) 
Ingestion of vegetables and fruit (radionuclides) 
Direct radiation 

RME Individual Total Risk = 

4.9 x 10" 
1.6 x 

1.3 x 10' 

NA 

NA 
NA 
NA 
NA 

. 1.6 x l o 9  
8.2 x 10" 

2.4 x lo4 
1.1 x 

3.5 107 

1.5 10" 

8.2 x 

1.2 x 1 0 5  

5.4 10-7 
2.3 x 1 0 - ~  

1.7 10-5 

a All risk values include a correction for radionuclides and inorganic background concentrations. 
HI = Hazard Index. 
NA = Not applicable. Exposure route is incomplete. 
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TABLE H.4-6 
SUMMARY OF POTENTIAL HEALTH EFFECTS: 

ON-PROPERTY RESIDENT FARM ADULT 

Exposure Pathway 
~~ 

RME Receptor HIb 

Inhalation of particulates (chemicals) 
Incidental ingestion of residual soils (chemicals) 
Dermal contact with residual soils (chemicals) 
Ingestion of meat (chemicals) 
Ingestion of dairy products (chemicals) 
Ingestion of vegetables and fruit (chemicals) 
Ingestion of drinking water (chemicals) 
Dermal contact while bathing (chemicals) 
Incidental ingestion while wading (chemicals) 
Dermal contact while wading (chemicals) 

RME Individual HI = 

3.8 x 1 0 5  

1.1 x 
5.4 x 
8.9 x 10" 
2.6 x l o 1  
4.7 x lo-] 
1.6 x lo-' 
4.8 x 

NA" 
NA 

1.0 x l o o  

Exposure Pathway RME Receptor Total Risk 

Inhalation of particulates (chemicals) 
Inhalation of particulates (radionuclides) . 
Incidental ingestion of residual soils (chemicals) 
Incidental ingestion of residual soils (radionuclides) 
Dermal contact with residual soils (chemicals) 
Ingestion of drinking water (chemicals) 
Ingestion of drinking water (radionuclides) 
Dermal contact while bathing (chemicals) 
Incidental ingestion while wading (chemicals) 
Dermal contact while wading (chemicals) 
Incidental ingestion while wading (radionuclides) 
Ingestion of meat (chemicals) 
Ingestion of meat (radionuclides) 
Ingestion of dairy products (chemicals) 
Ingestion of dairy products (radionuclides) 
Ingestion of vegetables and fruit (chemicals) 
Ingestion of vegetables and fruit (radionuclides) 
Direct radiation 

RME Individual Total Risk = 

1.6 x 109 
3.9 x lo6 
2.3 x lod 
1.6 x lod 
1.4 x lo6 

NA 
4.2 x lod 

NA 
NA 
NA 
NA 

1.3 x lo-* 
1.4 x lo-' 
1.9 x lo5 
2.9 x 10-9 

1.7 x 10-5 
2.9 x 10-5 
1.1 x 

2.1 x lo4 

All risk values include a correction for radionuclides and inorganic background concentrations. 
HI = Hazard Index. 

" NA = Not applicable. Exposure route is incomplete. 
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The total ILCR (2.1 x 104) for this receptor exceeds lo4, with direct radiation exposure (1.1 x lo") 
and ingestion of vegetables and fruit (4.6 x 10') being the primary contributors (Table H.4-6). The 
driving contaminants are radium and thorium for direct radiation exposure with arsenic and strontium 
driving the ingestion of vegetables. 

Qn-Prouertv Child 
The on-property child receptor is assumed to be exposed to the same pathways as the on-property 
resident farm adult. The total HI for this receptor is 5.4 x 100 (Table H.4-7) and is primarily a 
product of ingestion of dairy products (2.7 x 10") and ingestion of vegetables (1.9 x 100). Magnesium 
contributes over 75 percent of the total HI. The total ILCR of 3.5 x 10' is within the target range of 
lod through lw. The ingestion of dairy products chemicals (1.3 x 10') and radionuclides 
(3.6 x 109 in addition to external radiation (8.4 x 106) are the driving pathways. Aroclor-1254 
(6.8 x 10") and benzo(a)pyrene (5.6 x 106) contribute over 90 percent of the chemical risk through 
the dairy pathway. Technetium (2.2 x 106) and strontium ( 1 . 1  x 10") are responsible for over 90 
percent of the radiological risk associated with the dairy products. External radiation (8.4 x lo6) is 
attributable to radium concentrations (7.2 x lob). 

Comercialflndwial Use r 
The comercialhdustrial user has been provided to better evaluate the postremedial risk impacts 
under the hypothetical loss of land-use controls and the subsequent development of the FEMP into an 
industrial facility. 

HI and ILCR values associated with the commercialhndustrial user are presented in Table H.4-8. 
The predicted HI (4.3 x 107 is below the level of concern of 1.0. Dermal contact with residual soils 
(3.8 x 10-2) is the.primary pathway of exposure. Total uranium contributes over 80 percent of the 
projected noncarcinogenic risk. The total ILCR (2.9 x 10") is within the target risk range of 106 
through 104. The major contributor is external radiation (2.8 x lo'), with radium responsible for 
over 85 percent of the total pathway risk. 

DeveloDed-Park User 
The developed-park user has been provided to address the hypothetical scenario that the postremedial 
FEMP would be developed into a regional or county park. The total HI for this receptor is 1 . 1  x 10' 
(Table H.4-9) and is well below the benchmark of 1.0. 

The ILCRs for chemical and radioactive COCs are presented in Table H.4-9, with the total for all 
pathways being within the lo4 to lob range. A total ILCR of 4.8 x 10" is predicted for this 
receptor, with the principal contributor being external radiation (4.3 x 10') due to radium 
(3.7 x lod). 
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TABLE H.4-7 
SUMMARY OF POTENTIAL HEALTH EFFECTS: 

ON-PROPERTY RESIDENT FARM CHIID 

Exposure Pathway RME Receptor HIb 

Inhalation of particulates (chemicals) 
Incidental ingestion of residual soils (chemicals) 
Dermal contact with residual soils (chemicals) 
Ingestion of meat (chemicals) 
Ingestion of dairy products (chemicals) 
Ingestion of vegetables and fruit (chemicals) 
Ingestion of drinking water (chemicals) 
Dermal contact while bathing (chemicals) 
Incidental ingestion while wading (chemicals) 
Dermal contact while wading (chemicals) 

RME Individual HI = 

1.1 x lo4 
5.9 x 
8.7 x lo-' 
1.6 x lo4 
2.7 x lo0 
1.9 x lo0 
3.7 x lo-' 
2.2 x lo-' 

NA" 
NA 

5.4 x l o o  

. -.- 

Exposure Pathway RME Receptor Total Risk 
~~ 

Inhalation of particulates (chemicals) 
Inhalation of particulates (radionuclides) 
Incidental ingestion of residual soils (chemicals) 
Incidental ingestion of residual soils (radionuclides) 
Dermal contact with residual soils (chemicals) 
Ingestion of drinking water (chemicals) 
Ingestion of drinking water (radionuclides) 
Dermal contact while bathing (chemicals) 
Incidental ingestion while wading (chemicals) 
Dermal contact while wading (chemicals) 
Incidental ingestion while wading (radionuclides) 
Ingestion of meat (chemicals) 
Ingestion of meat (radionuclides) 
Ingestion of dairy products (chemicals) 
Ingestion of dairy products (radionuclides) 
Ingestion of vegetables and fruit (chemicals) 
Ingestion of vegetables and fruit (radionuclides) 
Direct radiation 

RME Individual Total Risk = 

3.8 x loLo 
1.0 x 10" 
2.0 x 10-7 

1.6 x 107 
2.0 107 

1.8 x 107 
NA 

NA 
NA 
NA 
NA 

9.8 x lo" 
3.6 x 10" 
5.9 x IOd 
2.1 x IOd 
8.4 x 106 

2.0 x 10-9 

1.3 105 

3.5 x 105 

a All risk values include a correction for radionuclides and inorganic background concentrations. 
HI = Hazard Index. 
NA = Not applicable. Exposure route is incomplete. I) 
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TABLE H.4-8 
SUMMARY OF POTENTIAL HEALTH EFFECTS: 

COMMERCIAWINDUSTRIAL USER' ' 

Exposure Pathway RME Receptor HIb 

Inhalation of particulates (chemicals) 
Incidental ingestion of residual soils (chemicals) 
Dermal contact with residual soils (chemicals) 
Ingestion of meat (chemicals) 
Ingestion of dairy products (chemicals) 
Ingestion of vegetables and h i t  (chemicals) 
Ingestion of drinking water (chemicals) 
Dermal contact while bathing (chemicals) 
Incidental ingestion while wading (chemicals) 
Dermal contact while wading (chemicals) 

RME Individual HI = 

NAc 

3.8 x IO'* 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.3 x l o2  

4.5 x 103 

Exposure Pathway RME Receptor Total Risk 

Inhalation of particulates (chemicals) 
Inhalation of particulates (radionuclides) 
Incidental ingestion of residual soils (chemicals) 
Incidental ingestion of residual soils (radionuclides) 
Dermal contact with residual soils (chemicals) 
Ingestion of drinking water (chemicals) 
Ingestion of drinking water (radionuclides) 
Dermal contact while bathing (chemicals) 
Incidental ingestion while wading (chemicals) 
Dermal contact while wading (chemicals) 
Incidental .ingestion while wading (radionuclides) 
Ingestion of meat (chemicals) 
Ingestion of meat (radionuclides) 
Ingestion of dairy products (chemicals) 
Ingestion of dairy products (radionuclides) 
Ingestion of vegetables and h i t  (chemicals) 
Ingestion of vegetables and fruit (radionuclides) 
Direct radiation 

1.1 x loLo 
1.8 x 10-7 
3.3 x 107 
2.3 x 107 
3.7 x 1 0 7  

NA 
NA 
NA 
NA 
NA 
NA 
NA 

. NA 
NA 
NA 
NA 

2.8 x 10' 

RME Individual Total Risk = 2.9 x 104 

a All risk values include a correction for radionuclides and inorganic background concentrations. 
HI = Hazard Index. 
NA = Not applicable. Exposure route is incomplete. 
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TABLE H.4-9 
SUMMARY OF POTENTIAL HEALTH EFFECTS: 

DEVELOPED-PARK USER" 

Exposure Pathway RME Receptor HIb 

Inhalation of particulates (chemicals) 
Incidental ingestion of residual soils (chemicals) 
Dermal contact with residual soils (chemicals) 
Ingestion of meat (chemicals) 
Ingestion of dairy products (chemicals) 
Ingestion of vegetables and fruit (chemicals) 
Ingestion of drinking water (chemicals) 
Dermal contact while bathing (chemicals) 
Incidental ingestion while wading (chemicals) 
Dermal contact while wading (chemicals) 

RME Individual HI = 

NA' 
4.8 x 104 
9.1 x 10-3 

NA 
NA 
NA 
NA 
NA 

5.7 x lo4 

1.2 x 

1.6 x 10-3 

Exposure Pathway RME Receptor Total Risk 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I 
I 
I 
I 
I 

Inhalation of particulates (chemicals) - 
Inhalation of particulates (radionuclides) 
[ncidental ingestion of residual soils (chemicals) 
hcidental ingestion of residual soils (radionuclides) 
Dermal contact with residual soils (chemicals) 
Ingestion of drinking water (chemicals) 
'ngestion of drinking water (radionuclides) 
Dermal contact while bathing (chemicals) 
'ncidental ingestion while wading (chemicals) 
Dermal contact while wading (chemicals) 
:ncidental ingestion while wading (radionuclides) 
hgestion of meat (chemicals) 
hgestion of meat (radionuclides) 
hgestion of dairy products (chemicals) 
hgestion of dairy products (radionuclides) 
'ngestion of vegetables and fruit (chemicals) 
ngestion of vegetables and fruit (radionuclides) 
Direct radiation 

RME Individual Total Risk = 

1.7 x 10" 
1.6 x lo-" 
9.7 x lo-* 
3.6 x 1 0 1 4  

2.4 x 10-7 
NA 
NA 
NA 

4.2 x 10' 
9.6 x 10'' 
6.4 x lo-* 

NA 
NA 

. NA 
NA 
NA 
NA 

4.3 x lo6 
4.8 x lod 

" All risk values include a correction for radionuclides and inorganic background concentrations. 
HI = Hazard Index. 
NA = Not applicable. Exposure route is incomplete. 
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Wildlife-Reserve Us er 
The wildlifereserve user has been provided to evaluate the postremedial risk associated with the 
hypothetical development of the FEMP into a wildlife reserve. The HI and ILCR values associated 
with this receptor are presented in Table H.4-10. 

The projected total HI (9.1 x 10') is below the benchmark of 1 .O. The primary pathway and COC is 
dermal contact with soils (6.9 x lo-'), specifically dermal contact with residual uranium (5.6 x lo") 
concentrations. 

External radiation (1.6 x 106) is the driving pathway for the total ILCR (1.8 x 106). Radium 
(1.4 x 1 0  and thorium (1.6 x 106) are the major contributors. The ILCR is within the total risk 
range of IO4 to 106. 

Exoanded TresDasser 
The expanded trespasser receptor is based on continued federal ownership and land use of the post- 
remedial facility. 

The total HI for this receptor is 1.4 x lo*, below the 1.0 benchmark. Dermal contact with residual 
soils (9.9 x lo3) contributes over 70 percent of the total HI with uranium (8.1 x lo3) as the driving 
COC. 

- . -  

A total ILCR of 1.5 x 106 is estimated, with on-site external radiation (1.2 x lo") contributing 80 
percent of the ILCR. This falls within the lo* to 106 target risk range (Table H.4-11). 

Milk and Meat Consumer ,_ 

The milk and meat receptor (Table H.4-12) has been included to evaluate exposures to a hypothetical 
consumer of the on-property food products. The total HI for this receptor (2.6 x 10') is well below 
the HI benchmark of 1.0. Magnesium (2.4 x lo') contributes over 90 percent of the total HI through 
the dairy pathway. The ingestion of dairy products (3.3 x lo') contributes 100 percent of the total 
ILCR (3.3 x 10'). The primary chemical and radionuclide contributors include Aroclor-1254 (7.5 x 
lod), benzo(a)pyrene (6.5 x lo"), arsenic (2.1 x 
and radium (1.2 x lo4). The total ILCR (3.3 x 10') is within the risk range of 10" through lo4. 

technetium (1.1 x lo5), strontium (5.9 x lo"), 

Great Miami River User 
The Great Miami River user (Table H.4-13) has been provided to evaluate the potential additive 
exposure associated with the use of the Great Miami River for agricultural, residential, and 
recreational purposes. The total HI for this receptor (6.6 x lo-') is driven by the ingestion of fish 
(3.9 x 1C') and the ingestion of dairy products (2.3 x 10'). Mercury provides over 90 percent of 
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noncarcinogenic risk to each of these respective pathways. Ingestion of dairy products (5.5 x lo5) 
containing technetium (3.4 x 10') and strontium (2.1 x 10') provide 100. percent of the receptors 
total ILCR (5.5 x 10'). 

I .  

... 
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TABLE H.4-10 
SUMMARY OF POTENTIAL HEALTH EFFECTS: 

WILDLIFERESERVE USER' 

Exposure Pathway RME Receptor HIb 

Inhalation of particulates (chemicals) 
Incidental ingestion of residual soils (chemicals) 
Dermal contact with residual soils (chemicals) 
Ingestion of meat (chemicals) 
Ingestion of dairy products (chemicals) 
Ingestion of vegetables and fruit (chemicals) 
Ingestion of drinking water (chemicals) 
Dermal contact while bathing (chemicals) 
Incidental ingestion while wading (chemicals) 
Dermal contact while wading (chemicals) 

RME Individual HI = 

NA' 
1.2 x lo4 

NA 
NA 
NA 
NA 
NA 

5.7 x lo4 

6.9 103 

1.6 x 10-3 

9.1 10-3 

Exposure Pathway RME Receptor Tohl  Risk 

Inhalation of particulates (chemicals) 
Inhalation of particulates (radionuclides) 
Incidental ingestion of residual soils (chemicals) 
Incidental ingestion of residual soils (radionuclides) 
Dermal contact with residual soils (chemicals) 
Ingestion of drinking water (chemicals) 
Ingestion of drinking water (radionuclides) 
Dermal contact while bathing (chemicals) 
Incidental ingestion while wading (chemicals) 
Dermal contact while wading (chemicals) 
Incidental ingestion while wading (radionuclides) 
Ingestion of meat (chemicals) 
Ingestion of meat (radionuclides) 
Ingestion of dairy products (chemicals) 
Ingestion of dairy products (radionuclides) 
Ingestion of vegetables and fruit (chemicals) 
Ingestion of vegetables and fruit (radionuclides) 
Direct radiation 

RME Individual Total Risk = 

5.0 x 10'' 

2.4 x l o 8  
6.4 x 10-9 

1.3 x 1014 
1.8 x io-' 

NA 
NA 
NA 

4.2 x 

614 x lo-* 
NA 
NA 
NA 
NA 
NA 
NA 

1.6 x lod 

1.9 x lod 

9.6 x lo-'' 

a All risk values include a correction for radionuclides and inorganic background concentrations. 
HI = Hazard Index. 
NA = Not applicable. Exposure route is incomplete. 
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TABLE H.4-11 
SUMMARY OF POTENTIAL HEALTH EFFECTS: 

EXPANDED TRESPASSER' 

Exposure Pathway RME Receptor HIb 

Inhalation of particulates (chemicals) 
Incidental ingestion of residual soils (chemicals) 
Dermal contact with residual soils (chemicals) 
Ingestion of meat (chemicals) 
Ingestion of dairy products (chemicals) 
Ingestion of vegetables and fruit (chemicals) 
Ingestion of drinking water (chemicals) 
Dermal contact while bathing (chemicals) 
Incidental ingestion while wading (chemicals) 
Dermal contact while wading (chemicals) 

RME Individual HI = 

NA' 
1.8 x lo-* 

NA 
NA 
NA 
NA 
NA 

9.1 x lo4 

1.4 x 10'  

9.9 x 10-3 

2.5 10-3 

Exposure Pathway RME Receptor Total Risk 

Inhalation of particulates (chemicals) 
Inhalation of particulates (radionuclides) 
Incidental ingestion of residual soils (chemicals) 
Incidental ingestion of residual soils (radionuclides) 
Dermal contact with residual soils (chemicals) 
Ingestion of drinking water (chemicals) 
Ingestion of drinking water (radionuclides) 
Dermal contact while bathing (chemicals) 
Incidental ingestion while wading (chemicals) 
Dermal contact while wading (chemicals) 
Incidental ingestion while wading (radionuclides) 
Ingestion of meat (chemicals) 
Ingestion of meat (radionuclides) 
Ingestion of dairy products (chemicals) 
Ingestion of dairy products (radionuclides) 
Ingestion of vegetables and fruit (chemicals) 
Ingestion of vegetables and fruit (radionuclides) 
Direct radiation 

RME Individual Total Risk = 

4.2 x 10" 

2.2 x 
1.2 x 

4.6 x 109 

1.7 x 1 0 7  
NA 
NA 
NA 

4.2 x 1 0 '  
9.6 x l @ ' O  
6.4 x 10' 

NA 
NA 
NA 
NA 
NA 
NA 

1.2 x 

1.5 x lod 

a All risk values include a correction for radionuclides and inorganic background concentrations. 
HI = Hazard Index. 
NA = Not applicable. Exposure route is incomplete. 
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TABLE H.4-12 
SUMMARY OF POTENTIAL HEALTH EFFECTS: 

MILK AND MEAT CONSUMERa 

4 November 14, 1994 

Exposure Pathway RME Receptor HIb 
~~ 

Inhalation of particulates (chemicals) 
Incidental ingestion of residual soils (chemicals) 
Dermal contact with residual soils (chemicals) 
Ingestion of meat (chemicals) 
Ingestion of dairy products (chemicals) 
Ingestion of vegetables and fruit (chemicals) 
Ingestion of drinking water (chemicals) 
Dermal contact while bathing (chemicals) 
Incidental ingestion while wading (chemicals) 
Dermal contact while wading (chemicals) 

RME Individual HI = 

~ 

NA' 
NA 
NA 

2.6 x 18' 
NA 
NA 
NA 
NA 
NA 

2.6 x lo-' 

8.9 x 10-5 

Exposure Pathway RME Receptor Total Risk 
~~ 

- -  Inhalation of particulates (chemicals) 
Inhalation of particulates (radionuclides) 
Incidental ingestion of residual soils (chemicals) 
Incidental ingestion of residual soils (radionuclides) 
Dermal contact with residual soils (chemicals) 
Ingestion of drinking water (chemicals) 
Ingestion of drinking water (radionuclides) 
Dermal contact while bathing (chemicals) 
Incidental ingestion while wading (chemicals) 
Dermal contact while wading (chemicals) 
Incidental ingestion while wading (radionuclides) 
Ingestion of meat (chemicals) 
Ingestion of meat (radionuclides) 
Ingestion of dairy products (chemicals) 
Ingestion of dairy products (radionuclides) 
Ingestion of vegetables and fruit (chemicals) 
Ingestion of vegetables and fruit (radionuclides) 
Direct radiation 

RME Individual Total Risk = 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.3 x 18' 
2.9 x 1 0 9  
1.4 x 10-5 
1.9 x lo-5 

NA 
NA 
NA 

3.3 105 

a All risk values include a correction for radionuclides and inorganic background concentrations. 
HI = Hazard Index. 
NA = Not applicable. Exposure route is incomplete. 
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TABLE H.4-13 
SUMMARY OF POTENTIAL HEALTH EWCTS:  

GREAT MIAMI RIVER USER' 

Exposure Pathway RME Receptor HIb 

Inhalation of particulates (chemicals) 
Incidental ingestion of residual soils (chemicals) 
Dermal contact with residual soils (chemicals) 
Ingestion of meat (chemicals) 
Ingestion of dairy products (chemicals) 
Ingestion of vegetables and fruit (chemicals) 
Ingestion of fish (chemicals) 
Ingestion of drinking water (chemicals) 
Dermal contact while bathing (chemicals) 
Incidental ingestion while wading (chemicals) 
Dermal contact while wading (chemicals) 

RME Individual HI = 

NA" 
NA 
NA 

3.5 x lo4 
3.1 10-5 
1.2 x 10-3 

8.1 x 10-3 
1.5 x 10-3 

3.9 x 10" 

7.8 x IO-" 
5.1 x 1 0 " O  

3.9 x 10-L 

Exposure Pathway RME Receptor Total Risk 

Inhalation of particulates (chemicals) 
Inhalation of particulates (radionuclides) 
Incidental ingestion of residual soils (chemicals) 
Incidental ingestion of residual soils (radionuclides) 
Dermal contact with residual soils (chemicals) 
Ingestion of drinking water (chemicals) 
Ingestion of drinking water (radionuclides) 
Dermal contact while'bathing (chemicals) 
Incidental ingestion while wading (chemicals) 
Dermal contact while wading (chemicals) 
Incidental ingestion while wading (radionuclides) 
Ingestion of meat (chemicals) 
Ingestion of meat (radionuclides) 
Ingestion of dairy products (chemicals) 
Ingestion of dairy products (radionuclides) 
Ingestion of vegetables and fruit (chemicals) 
Ingestion of vegetables and fruit (radionuclides) 
Ingestion of fish (chemicals) 
Ingestion of fish (radionuclides) 
Direct radiation 

RME Individual Total Risk = 

NA 
NA 
NA 
NA 
NA 

2.2 x 1 0 7  

2.9 x 1 0 7  

6.3 x lo-' 
7.8 x 10" 
5.1 x 1 0 1 0  

4.4 x 10" 

2.4 x 10'' 
1.3 x 10'' 
1.5 x 
3.3 x 
4.5 x lo8 
1.6 x 10' 
8.9 x lo io  

NA 

5.0 1013 

7.7 x 10-7 

' All risk values include a correction for radionuclides and inorganic background concentrations. 

" NA = Not applicable. Exposure-route is incomplete. 
HI = Hazard Index. 
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H.5.0 UNCERTAINTY ANALYSIS 

The risk assessment process contains various sources of uncertainty affecting the accuracy of the 
projected risks. The uncertainties related to the risk analysis for the Operable Unit 5 CRARE are 
complex since this operable unit must build upon assumptions and estimates for the remediation and 
residual contamination from all operable units at the FEMP. Understanding the inherent uncertainty 
in these comprehensive risk estimates is vital in making informed risk management decisions. The 
sources and characteristics of uncertainty in the C U R E  are examined in this section. Section H.5.1 
outlines the principal sources of uncertainty and subsequent sections discuss each source in detail. 
Section H.5.11 presents a summary table of the uncertainties. The purpose of this analysis is to 
determine the reliability of risk estimates and to further the reader’s understanding of the complexities 
inherent to risk calculations. 

- 
H.5.1 PRINCIPAL SOURCES OF UNCERTAINTY 
Major sources of uncertainty in predicting future exposures Gsociated with the site-wide incremental 
risk assessment include the future disposition of the property, containment of waste left on site, the 
nature and concentration of residual waste, and the accuracy of the fate and transport modeling used 
to develop the exposure-point concentrations for the risk assessment. Because it is not possible to 
definitively predict future land use, configuration and long-term effectiveness of waste containment 
facilities, or future conditions for containment and transport of COCs, the RME scenario was 
evaluated. This approach is stipulated by the NCP (EPA 1990c) and the RAWPA (DOE 1992a). For 
the major categories of uncertainty in the CRARE, the following questions were asked to determine 
the degree of uncertainty in the evaluation: 

D 

Selection of the PRALRAs: 
Are the PRALRAs reasonable enough such that potential changes made as a result of 
comments by agencies and the public will have minimal impact on the overall risk estimates? 

Postremedial Site Configuration: 
How will the final footprint of residual soil and the design and placement of the on-site 
disposal cell effect the estimate of incremental risks? What environmental changes will occur 
in the area around the FEMP over the next 10oO years? 

Contents of the On-Site Disposal Cell: 
Are the adopted Operable Unit 5 Waste Acceptance Criteria (WAC) appropriate for the type, 
contaminant concentrations, and volumes estimated for disposal into the on-site disposal cell? 

Selection of Constituents of Concern: 
Are all the COCs identified and their concentrations adequately quantified? 
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Distribution of Contaminants in Environmental Media: 
How will the distribution of COCs in environmental media effect 'estimates of risk? 

Exposure Assumptions: 
Are all potential pathways for transporting residual contaminants ftom the site environmental 
media to receptors identified? Are land-use scenarios conservative and have potential 
receptors been identified to adequately support land-use objectives? Are exposure factors 
reasonable? 

Modeled Exposure Point Concentrations: 
Are models for estimating COC transport from site media to receptors, and for estimating 
contaminant concentrations and intakes, reasonable? How have background concentrations 
been evaluated? Are the biouptake models for determining COC concentrations in food 
products reasonable? 

Toxicological Information: 
How accurate is current information concerning toxic properties and dose-response 
characteristics of the COCs? Are the toxicity factors (slope factors and reference doses) 
overly conservative? Can noncarcinogenic effects be segregated on the basis of target-organ 
impacts? - -  
Risk Characterization: 
Is the assumption of additive effects realistic? 

Risk evaluation in the context of an FS takes a different approach than that employed in a baseline 
risk assessment. The FS risk evaluation hypothesizes and estimates exposure-point concentrations 
using models and assumptions.of postremedial site conditions. Baseline risk assessments generally 
assume existing site conditions, with no remediation, when evaluating current and future risks. 

FS risk assessments assume cleanup to prescribed levels and project into the future. This process has 
much more inherent uncertainty with regard to exposed populations, exposure pathways, and exposure 
concentrations than the results of a typical baseline risk assessment. One purpose of this analysis is to 
identify and characterize the sources of uncertainty which contribute most to the overall uncertainty in 
the CRARE process. This information can then be used in the risk management decisions involved in 
evaluating remedial alternatives. 

H.5.2 SELECTIO N O F T H E P  RA/LRAs 
At the present time only Operable Unit 4 has a conditionally approved Record of Decision (ROD). 
The PRAs for Operable Units 1 and 2 are currently under review by the EPA, and changes may be 
required in response to regulatory agency comments. In addition, Operable Unit 3 has yet to 
complete the RI/FS process and develop a PRA. Following the completion of the regulatory agency 
review, there will be public comment sessions. Comments from this public forum may also impact 
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the final selection and design of remedial alternatives. The impact of these changes could have 
significant implications on the determination of overall site-wide risks due to the alterations in the 
preferred remedial alternatives and eventually, the postremedial site conditions. Currently, no 
speculation can be made concerning the nature of future comments and potential changes to 
postremedial site conditions. However, the process of regulatory and public review and comment is 
intended as a reality check for the remedial planning process. The overall impact of this process 
should result in the reduction of uncertainty and ensure that the final site-wide remediation is 
protective. 

H.5.3 POSTRE MEDIAL SITE CONFIGURATION 
The CRARE risk evaluation hypothesizes and estimates exposure point concentrations using models 
and assumptions of postremedial site conditions. For the site-wide remedy, an estimated 1.80 million 
cubic yards of contaminated soil be will excavated and clean backfill brought in to regrade excavated 
areas. Under this remedial approach, it is assumed that surface soil in the backfilled areas will only 
present background source terms to receptors. Groundwater will be the major impacted medium at 
the F E W  site resulting from percolation of the residual contaminants in the soil and disposal cell to 
underlying groundwater. Since groundwater will be of great importance in estimating postremedial 
risk, factors which effect the modeled COC concentrations in groundwater are significant sources of 
uncertainty. 

Under the Operable Unit 5 remedial alternative, the selected postremedial land use for the FEMP is 
an undeveloped park. The federal government will retain ownership of the land and no development 
of the land as a farm, residence, or commercialhndustrial facility will be permitted. The Fernald 
Citizens Task Force for the FEMP is charged with providing future land use recommendations and 
will issue recommendations on the projected land use for the FEMP in the near future. If the land- 
use objective is changed, then the remedial objectives will change and the resultant risk estimates will 
change. One of the major uncertainties for this FS and the C U R E  is the ultimate land use for the 
FEMP. 

The location and design of the on-site disposal cell will influence the estimate of potential COC 
impacts to groundwater. Since geologic subsurface conditions vary across the site, model parameters 
used in the fate and transport analysis (e.g., soil diffusion coefficients, groundwater flow rates, waste 
containment, and exfiltration rates) will be influenced by the location, configuration, and design 
specifications of the engineered disposal cell. 
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In this study, the disposal cell has been engineered and placed in a specific location to minimize 
transport of COC to the groundwater which minimizes the impact of the disposal cell on the Great 
Miami Aquifer. 

Projections of COC concentrations in groundwater are a function of source loading from residuals in 
subsurface soils following excavation. Therefore, the final footprint of excavation and areas of 
unexcavated residual concentrations will be critical to modeling future contaminant impacts to 
groundwater. The footprint for excavation is based on PRLs established for the land-use objective 
and each target receptor. The volume of soil requiring excavation was determined to ensure that the 
PRL would be the maximum contaminant concentration left in residual soils. Since a majority of the 
excavated areas will contain contaminant concentrations which are actually lower than the PRLs, 
modeled groundwater concentrations will be based on a conservative source term estimate. 

The chemical species of COCs in the disposal cell and residual soils will also influence the estimate of 
future contaminant concentrations in groundwater. Partitioning coefficients (e.g., & and KJ which 
are unique for each COC, were obtained from studies conducted at the-site or from conservative 
values reported in the scientific literature. I<d and K, values obtained in this manner will ensure 
calculated risk estimates remain protective to human health. 

- 

Another uncertainty with regard to the postremedial configuration of the FEMP site are the regional 
changes which are likely to occur in the area over the next lo00 years. The CRARE estimates site- 
wide risks loo0 years after remediation is complete. During this time, unknown changes in the 
demographics and environmental habitats both on and off site will occur. It is impossible to project 
how these changes will impact future risk estimates; however, the consideration of multiple 
hypothetical receptors should cover a variety of possible scenarios, thereby reducing the impact of this 
uncertainty. 

H.5.4 CONTENTS OF THE DISPOSAL CELL 
As remediation proceeds at the site, contaminated materials from Operable Units 1 through 4 will 
either be placed in the on-site disposal cell or sent to an off-site disposal facility. Only those 
materials which meet the Operable Unit 5 WAC will be placed in the on-site disposal cell. WAC are 
based on the type, source, and volume of waste, the protectiveness goals (MCLs) for the underlying 
aquifer, and intended land-use objective and receptors. All waste placed in the on-site disposal cell 
would be evaluated to the extent practical to ensure that it meets the Operable Unit 5 WAC. The 
disposal cell will be designed to last loo0 years and prevent physical intrusion to the cell contents. It 
is predicted that the disposal cell has a 12 percent probability that failure of groundwater protection 
could occur by the end of the lo00 years. 
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The WAC directly influence the size of the disposal cell needed to accommodate the combined waste. 
While the PRALRAs influence the treatment design and the volume of waste generated, the Operable 
Unit 5 WAC influence the type, source, and contaminant concentration of waste which can be placed 
in the on-site disposal cells. Adherence to WAC would reduce uncertainty and ensure that future 
projections of postremedial risk are not underestimated. 

H.5.5 CONSTITUENTS OF CONCERN IN RESIDUAL WASTE 
A major concern of the CRARE is the reliability of COC identification, both in terms of ensuring that 
chemicals or radionuclides have been correctly identified as COCs and that their potential 
concentrations in residuals and the disposal cell are adequately quantified. The accuracy of COC 
identification is directly related to the quality of COC characterization data, including information on 
contaminant identification, location, and concentrations. COC characterization was controlled by the 
sampling and analysis plan, which identified sampling locations and defined analytical protocols. 

The sources for COC data for the CRARE were the draft final FS report for Operable Unit 2 (DOE 
1994b), the SWCR for Operable Unit 3 (DOE 1993a), the final FS reports for Operable Unit 1 (DOE 
19943) and Operable Unit 4 (DOE 1993h), and the draft Operable Unit 5 RI report (DOE 1994b). 
The draft Operable Unit 5 RI report and backup information from other operable units contributing 
contaminated material to Operable Unit 5 were prepared according to applicable guidelines under 
CERCLA. Whenever possible, COC identification was based on the results of the baseline risk 
assessments which were in turn based on data collected according to operable-unit-specific CERCLA 
sampling plans. Since Operable Unit 3 has yet to complete its RI and FS reports and Operable Units 
1 and 2 are still under agency review, the final list of COCs for Operable Unit 5 may be altered 
slightly as more information becomes available. However, from the quantitative risk estimates in the 
documents cited above, it has been estimated that the COCs identified for this site-wide risk 
assessment constitute more than 95 percent of the total postremedial risk for the site. These COCs 
were used in estimating site-wide risks. 

The 1993 supplemental sampling results and the results of the extensive sampling done at the site 
make it unlikely that major COC contributors to risk for Operable Unit 5 have been overlooked. 
Evaluation of existing data has identified a large number of COCs which are present in Operable Unit 
5 materials and has confirmed predicted contamination patterns induced by past site operations. 
There is a fair degree of certainty that the major contaminants (uranium and other radionuclides, 
arsenic and other metals, and organics) which could credibly contribute to site risks have been 
identified as COCs. 
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H.5.6 DISTRIBUTION OF COCs IN ENVIRONMENTAL MEDIA 
In the calculation of postremedial site-wide risks, the exposure-point concentrations were assumed not 
to exceed the PRLs calculated for the land-use objective for which the alternative was designed. For 
areas of the site that will be excavated and backfilled with clean soils, the exposure-point 
concentration was assumed to be at background levels for inorganic and radionuclide COCs and at 
zero for organic COCs. Since the PRL will be the maximum contaminant concentration left on site, 
future receptors are most likely to be exposed to lower concentrations that vary between background 
and the PRL. While the baseline risk assessment used the 95 percent UCL of the mean concentration 
detected (or the maximum concentration detected when less than the 95 percent UCL), based on 
PRLs, this CRAF2E used site-wide average contaminant concentrations left on site, minus background 
concentrations for inorganics and radionuclides. It is highly unlikely that future users of the site will 
be exposed to maximum residual contaminant levels the entire time they are exposed at the site; 
therefore, this appraach is health protective based upon the proposed land use. . 

This approach is based on the assumption that inorganic and radionuclide COCs occur naturally in the 
environment, whereas the organic COCs are assumed to come entirelyfram made-man, site-related 
sources. These exposure-point concentrations and corresponding risks represent the incremental risk 
due to exposures from site residual contaminant concentrations. A separate presentation of total risk, 
consisting of the incremental risks plus the background risks, is made in Attachment H.V. 

H.5.7 EXPOSURE ASSUMPTIONS 
The default values for characterizing FEMP receptors are presented in the RAWPA (DOE 1992a) and 
the Supplemental Guidance to the RAWPA (DOE 19948). For this CRARE, receptor scenarios were 
selected to represent the RME scenarios. Exposure factors were based on surveys of physiological 
and lifestyle profiles across the United States, and the attributes and activities studied generally have a 
broad distribution. To account for this distribution, the CRARE follows the EPA’s recommendation 
to use the 95th percentile for most exposure parameters. 

Calculating RME intakes for the various receptors requires that certain assumptions be made 
regarding their exposure duration, frequency, and magnitude. Whenever available, standard default 
values supplied by EPA (EPA 1989a and 1991a) were used. When little information could be found 
to describe an exposure parameter for a given land use, then conservative, health-protective values 
suggested by EPA were used as guidance to estimate exposure parameters. This was particularly true 
for the trespassing and recreational receptors since standard exposure parameters do not exist for these 
receptors. 
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Exposure parameters considered available information describing the communities around the FEMP 
as well as local meteorological conditions. Parameters were selected to support the RME scenario 
and are therefore higher than what would be expected for other receptors. A discussion of some of 
the more critical exposure assumptions and their uncertainty follows. 

H.5.7.1 ExDosure Duration 
In accordance with guidance for FEMP risk assessments (DOE 1992a), it was assumed that farm 
families will occupy the land for a full lifetime (70-year) exposure period. Based on the current 
residency patterns, this is a highly conservative approach since the national average time for residence 
in one place is 9 years (EPA 1989a). The 95th percentile value for residence time in the United States 
is 58.4 years. This value is based on reports published by the Bureau of Census and the Department 
Housing and Urban Development (Israeli 1992). This exposure duration for farm families was chosen 
as the RME duration due to the historic stability of communities in the FEMP area and the existence 
of family farms. It was also assumed that all workers would keep the same jobs without a change of 
location for 25 years. These estimates of exposure duration are highly conservative based on current 
work patterns and reflect the upper limits of the job stability of the surrou,nding communities. 

Since there was'no existing guidance on the exposure duration for a recreational user, a representative 
tiered approach was developed to evaluate receptors subjected to exposures in three types of park 
developments. This approach is assumed to encompass a conservative range of potential risk 
representing this land use. Again, very conservative assumptions were used for exposure duration. It 
was assumed people will use the park regularly over an entire lifetime of 70 years. The expanded 
trespasser was assumed to trespass onto the FEMP site for 12 years as a youth and for 32 years as an 
adult. As presented in the Monte Carlo analysis of uncertainty (Section H.5.7.7), exposure duration 
uncertainty is one of the most important factors in the variation of risk estimates. 

B 

H.5.7.2 EXDOSU re Freauency 
The CRAM assumes that on-property families would occupy the property for 350 days per year, a 
conservative but realistic assumption for farm families. Workers were assumed to work 250 days a 
year, the normal number of annual workdays. The expanded trespasser was assumed to trespass onto 
the FEMP site 110 days a year as a youth and 40 days a year as an adult. This is a conservative but 
reasonable assumption and only moderately impacts the results of the risk assessment. These 
exposure frequencies reflect reasonable maximum use of the property for their predicted use patterns. 
As with the other exposure parameters, frequency values are designed to be conservative and 
therefore, will generally overestimate potential risk. 
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H.5.7.3 ExDosure Time 
Farm family members were assumed to spend 24 hours a day on the farm property, whether it is 
assumed to be on or off the FEMP property. This is a conservative assumption since it does not take 
into account school time, shopping time, off-farm work, and other activities. Exposure times for other 
receptors are uncertain, but were based on their predicted patterns. The exposure values were developed 
with conservatism and are likely to overestimate potential risk. The exposure time values used in this 
C U R E  are maximum exposure estimates. 

H.5.7.4 Bodv Weipht 
Body weights used in the evaluation of residual risks were derived from standard tables for United States 
body weight distributions (EPA 1989a). .Values were selected from distribution midpoints because of the 
certainty regarding those distributions. The actual variation for adults is likely to be less than a factor of 
two. Although children have a wide range of body weights, the uncertainty is, at most, a factor of two 
or three (plus or minus for a given age group). Selection of the midpoint (rather than the 95th 
percentile) for this variable adds conservatism to the risk estimates because this quantity appears in the 
denominator of the intake equations (Le., risk is inversely proportional to body weight). 

H.5.7.5 
There has been considerable discussion in the scientific literature concerning. the appropriate oral 
ingestion rate of soil and dust for adults and children. Current EPA guidance recommends 100 mg/day 
for adults and 200 mg/day for children under the age of six (EPA 1991a). Since the evaluation of 
residual risk considered farmers who would be exposed to quantities of dust through farming activities, a 
weighted value of 180 mg/day was used for the on-property farmers (EPA 1991a). These values are 
realistic as a multi-year average, but soil ingestion rates could potentially be lower for longer-term 
exposures and peak when crops are being planted or harvested. 

The rates and types of food consumption vary greatly from locality to locality and individual to 
individual. Estimates of food consumption used in the residual risk assessment are based on national 
averages @PA 1989a) and may not be appropriate for some individuals exposed to FEMP COCs. It 
should be noted that it was assumed that the majority of food consumed will be from local farm 
products. This is a very conservative assumption. The values presented represent conservative estimates 
and are not likely to vary by more than a factor of two for the average individual. A large uncertainty 
exits in the consumption of specific foods (e.g., vegetables) by adults and children. The direction and 
magnitude of this uncertainty are unknown. 

The results of the draftoperable Unit 5 baseline risk assessment (DOE 19940 infer that bioaccumulation 
of COCs through the food pathways adds a significant contribution to the risk to consumers of food 
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products (farmers or otherwise). The hypothetical models used to predict food concentrations of COCs 
add a high degree of uncertainty to the risk estimates. The food uptake models used in this CRARE 
assume that the airborne particulates are on the surfaces of all food materials, assume uniform 
distribution of COCs within the plants, assume irrigation throughout the growing season, and assume 
accumulation occurs over 10o0 years. For example, corn is the primary product of farms in the Fernald 
area, but particulates never come in contact with the corn kernels since the kernels are covered with the 
shucks. It is estimated that the food pathway estimates are upper bound estimates and not RME 
estimates. 

In addition, the uncertainty is increased because literature default bioaccumulation factors are used as 
well as the assumption that all chemicals have plant uptake and food transfer mechanisms. For some of 
the inorganic COCs, the predicted food concentrations are higher than shown by national food surveys, 
and the COC soil concentrations are at or close to the background soil levels. 

Consumption of drinking water was set to EPA default values (EPA 1991a), which are conservative 
estimates. A value of 2.0 L/day was used, whereas it is estimated that 1.4 L/day is the more likely adult 
water consumption per day. Over multi-year exposures, these values are not likely to vary widely and 
may be overestimated by a factor of less than two. Most likely, drinking water consumed will have 
contaminant levels less than the default values. 

- _ .  

B 
H.5.7.6 Dermal ExDosure Factors 
Four critical assumptions have been made relating to the assessment of dermal exposure to soils: 1) 
amount of exposed skin surface area, 2) quantity of soil adhering to the skin, 3) length of time the soil 
adheres to the skin, and 4) partitioning rate of the COC from soil across the skin barrier (EPA 19920. 
The amount of the skin asiumed to be exposed to COCs used in this CRARE is very conservative for the 
dermal pathway. The 95th percentile of skin area is used in the dermal absorption models whereas the 
body weights are average values. The percent of surface area exposed (25 percent) is also conservative 
because it does not account for seasonal variation. In addition, the intake of contaminants through 
dermal contact with water is controlled by the dermal permeability of specific waterborne contaminants 
(EPA 19920. These factors vary widely and may contribute substantially to uncertainty in a risk 
assessment using these pathways. In general, assumptions used to estimate dermal absorption are 
consistent with the conservative default values defined in EPA guidance (EPA 1991a and 19920. The 
degree of uncertainty associated with dermal exposure factors is quite large (an order of magnitude or 
more) (EPA 1992~). In addition, the adjustment of toxicity values for use in the dermal pathways 
considered in the risk assessment, particularly in the case of inorganic contaminants, was performed 
using conservative assumptions about contaminant intake. This adjustment will contribute to the 
conservatism introduced through the characterization of dermal pathway risks. D 
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H.5.7.7 Monte Car lo Analvsis of Exuosure Parameters 
To assess the quantitative impact of the uncertainty for the overall risk model, a limited Monte Carlo 
analysis of exposure parameters was conducted. This Monte Carlo analysis dealt only with the 
uncertainties in the exposure assessment and did not examine other elements of the risk assessment such 
as characterization of the source term, fate and transport analysis of COCs, and toxicity assessment. 
Therefore, this Monte Carlo analysis examined only one part of the overall uncertainty. The purpose of 
the quantitative uncertainty analysis was to examine both the magnitude and likelihood of risk-based 
point estimates. The details of the analysis, including assumptions, methodology, and results are 
provided in Attachment H.VI. 

Monte Carlo analysis is briefly described as a random sampling process of a known or assumed 
probability distribution. Using this technique and many simulations of the selected values, probability 
distributions can be developed. These probability distributions can be expressed as histograms or 
cumulative distributions in which the sum of probabilities versus the target parameter can be displayed. 
Cumulative probability distributions indicate where the predicted outcome falls within the complete range 
of possible outcomes. One important limitation of this type of analysis is - that - .  it does not distinguish 
between the variability and uncertainty of specific exposure parameters. Variability arises from natural 
differences in the population while uncertainty arises from error in the measurement of a parameter or 
assumption of specific values. 

One important finding of the Monte Carlo analysis is the display of the phenomenon of compounded 
conservatism. In the formation of the RAWPA, many exposure parameters were agreed upon which 
represent the 95th percentile value for their distribution. This approach was used for the sake of health 
protectiveness. However, when upper bound estimates of multiple input variables are used, conservatism 

outcome will be overstated is a direct function of the number of inputs, the assumed distributions, the 
relative uncertainties, correlations between variables, and the upper p-fractile value. 

l is propagated and the resulting outcome can severely overestimate true risk. The degree to which an 

A sensitivity analysis was also conducted to determine which exposure parameters had the greatest 
impact on the final estimate of risk. The sensitivity analysis identifies those parameters which 
contributed the most to the variation of the results. The results in this case were the prediction of the 
PRGs. Distributions for the exposure-related input variables were developed with the exclusion of the 
food pathways. Following lo00 simulations (Le., 10oO selections from the distributions) using a Monte 
Carlo selection technique, the program determined a rank order correlation coefficient between the 
predicted PRG and the exposure parameter. 
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This analysis showed that for the on-property farmer, the estimated PRG used for the cleanup goals may 
be overestimated by a factor of seven if a true 95th percentile value is the target and not the combination 
of multiple RME exposure parameters. Of the seven exposure parameters analyzed, the key exposure 
assumptions leading to this overconservatism are exposure duration and the shielding factor for time 
spent indoors. Although several of other factors will contribute to the overall uncertainty of the exposure 
estimate, the predominance of these two factors on the estimate of exposure is a quantitatively important 
area of uncertainty. 

It should be noted that two important areas of uncertainty and possible overconservative use of risk 
parameters were not covered in this Monte Carlo analysis: the conservatism of the toxicology 
parameters (slope'factor and reference dose) and the food pathways. The food pathway risk is a 
significant contributor to the total risk for some of the inorganic COCs such as arsenic, magnesium, and 
manganese. 

H.5.8 MODELED EXPOSURE-POINT CONCENTRATIONS 
Future receptor concentrations cannot be quantified by direct measurement. Therefore, in addition to the 
media-specific cleanup levels which define the site conditions after the remediation, model- predicted 
future contaminant migration from residual contamination left on site and in the disposal cell are 
determined for the CRARE. The cumulative future concentrations at the receptor locations from 
residual contamination and presence of the on-site disposal facility were quantified using fate and 
transport modeling of air, surface water, and groundwater. Each of these models was based on a set of 
general assumptions necessary to simplify the modeling process; however, the models are considered 
conservative for risk assessment purposes. 

- -. 

D 

Conservative assumptions in the groundwater modeling, such as no contaminant retardation or 
attenuation in the weathered zone minimum gray-clay thickness for determining infiltration rates through 
overburden and no constraint on leachate concentrations by theoretical solubility limits, were 
incorporated in the modeling to ensure that the future contaminant concentration at the receptor locations 
were not underestimated. Similarly, conservative assumptions were made for the air and surface water 
models (see Section H.3.0 for details). While reliance on modeled values for future receptor 
concentrations does increase the uncertainty of the risk estimate, conservative assumptions built into the 
models ensure that future receptor exposure point concentrations are not likely to be underestimated. 

For example, a comparison of modeled base case air concentrations with currently measured air 
concentrations of radionuclides at the fenceline is presented in Table H.3-6. This comparison indicates 
that the air fate and transport modeling significantly overestimates concentrations of several particulate- 1 
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phase contaminants. Specifically, the modeled base case air concentrations of radium, thorium, and 
uranium exceed currently measured values at target locations by approximately two orders of magnitude. 

Overestimation of the modeled air concentrations may be caused by conservative estimates of 
contarninant concentrations in the remediated FEMP surface soil. The baseline surface soil 
concentrations for considered COCs obtained from the draft Operable Unit 5 RI report typically 
represent the 95 percent UCL or maximum sampling result for each of the source areas. These source 
areas were originally developed for surface water runoff modeling in the draft Operable Unit 5 RI report. 
Area-weighted averaging was used to estimate residual postremedial concentrations. A larger area that 
had relatively high baseline concentrations could produce a substantial exposure-point concentration after 
excavation, even though much of the area will have undergone excavation. Developing source areas that 
better delineate contaminated areas from uncontaminated areas will produce residual exposure- point 
concentrations that are significantly lower than the modeled values presented in this FS report. 

.Values used to represent exposure-point concentrations were developed to provide conservative, often 
worst-case estimates of exposure. Uncertainties associated with exposure-point concentrations estimated 
by models are additive or multiplicative and include uncertainties associated with each input parameter 
(e.g., diffusion coefficients, groundwater flow rates, waste containment, and exfiltration rate), as well as 
model characteristics, release mechanisms, and source terms. The development of chemical 
concentrations for each of 33 subunits on an individual basis, in support of the groundwater fate and 
transport modeling, has unknown impacts on the exposure concentration data used in the risk assessment. 
It does potentially increase the variability of the data from subunit to subunit. Residual risk evaluation 
input parameters were based on site information and health-protective estimates and were designed to be 
conservative. Input parameters and models were selected and used in a manner consistent with the 
RAWPA. 

Organic compounds are COCs for this risk analysis. It is well established that biodegradation is an 
important fate mechanism for organic compounds. However, biodegradation of organic compounds was 
not considered for the 1OOO-year analysis except in the food pathways. With the exception of PAHs, 
PCBs and dioxins, most organic compounds will have biodegraded within the first 100 years. Even the 
PCBs and PAHs will degrade by 80 to 90 percent within 100 years. These compounds will be an 
important risk component for the first 70 years, but will not be a risk component for the remainder of 
the 1OOO-year period. 

Another important uncertainty in the CRARE evaluations is that no radiodecay was taken into account 
even though residual risks were projected for 1OOO years after remedial action. Values used for 
contarninant levels were estimated for the end of remedial activities, or 22 years after the start of 
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Operable Unit 5 remediation. Radiodecay is an important process to consider when projecting future 
risk from radionuclide exposures. Due to radiodecay, isotopes such as Cs-137 and Sr-90 will no longer 
be present at the site after lo00 years. However, the buildup of daughters from the long-lived parent 
could offset this. 

An evaluation was performed to show the probable impact of radiodecay on risk estimates for future 
scenarios. This evaluation indicated that when radiodecay is considered, the risk estimates IT could 
increase by a conservative factor of 20 percent for external radiation exposure and decrease by a factor 
of three for ingestion. Risk estimates for inhalation would have no impact from decay (see Attachment 
H.VI.2). The differences between exposure routes are based on the type of radiation each isotope emits, 
the biological impact of each, and the pathways evaluated. Isotopes that have high external radiation 
impacts often have minimal effects when taken internally. 

H.5.9 TOXICOLOGICAL INFORMATION 
EPA-supplied RfDs and cancer slop factors were used throughout the residual risk evaluations. Because 
of this, toxicological evaluations for residual risk contribute no more uncertainty than in comparable 
CERCLA documents. However, the level of uncertainty in the toxicologic data and models is still 

- -  

substantial. B 
When a receptor is simultaneously exposed to more than one contaminant, possible outcomes include 
synergism, antagonism, or additivity of effects. Synergism occurs when the effect of exposure to 
multiple COCs is greater than what would be expected if the exposures occurred separately in an additive 
manner. Antagonism is the opposite case, where multiple exposures have a diminished effect than would 
be expected if exposures occurred separately. For this risk assessment, it was assumed that multiple 
contaminant exposures would result in additive effects discounting synergism or antagonism. The 
assumption of additivity is made to prevent an underestimation of cancer risk.or potential noncancer 
health effects due to exposures (EPA 1991a). 

As described in the draft Operable Unit 5 RI report, considerable uncertainty is associated with 
qualitative (hazard assessment) and quantitative (dose-response) evaluations of Superfund risk 
assessments. The hazard assessment characterizes the nature and strength of the evidence of causation or 
the likelihood that a chemical that induces adverse effects in animals will also induce adverse effects in 
humans. The hazard assessment of carcinogenicity is evaluated as a weight-of-evidence determination, 
using either the International Agency for Research on Cancer (IARC 1987) or EPA (1986) schemes. 
Positive results in animal cancer tests suggest that humans may also manifest a carcinogenic response; 
however, the animal data cannot necessarily be used to predict the target tissue in humans. In the hazard D 
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assessment of noncarcinogenic effects, positive animal test results may indicate target tissue and type of 
adverse human effects (EPA 1989a). 

There are many sources of uncertainty in dose-response evaluation of carcinogenic (Le., slope factor or 
unit risk calculations) and noncarcinogenic effects (RfD or reference concentration [RfC] calculations). 
The three major sources are: 

1. Interspecies extrapolations: 

Animal-to-human extrapolation, commonly used in the absence of quantitative 
pharmacokinetics, dosimetric, or mechanistic data, is usually based on a consideration of 
interspecies differences in body weight, surface area, or basal metabolic rate. 

2. Intraspecies or individual variation: 

Most toxicity experiments are performed with animals that are similar in age and genotype so 
that intragroup biological variation is minimal. However, the human population of concern 
may reflect a great deal of heterogeneity, including unusual sensitivity to specific toxic effects 
or contaminants. 

- -  

Toxicity data from human occupational studies reflect a bias because only those individuals 
sufficiently healthy to attend work regularly and those not unusually sensitive to the COCs are 
likely to be occupationally exposed. 

3. Key study and database quality: 

The quality of key studies (from which the quantitative data are derived) and the quality of the 
literature databases add to the uncertainty. For carcinogenic effects, the uncertainty associated 
with some quality factors (i.e., group size) is incorporated into the 95 percent upper bound 
estimate of the slope factor. For noncarcinogenic effects, additional uncertainty factors may be 
applied in the derivation of the RfDs or RfCs to reflect gaps in the database. 

Another source of uncertainty in the quantitative risk estimation for carcinogenicity is the method by 
which data from high doses in animal or human studies are extrapolated to the dose range expected for 
environmentally exposed humans. The linear multi-stage model, which is used in almost all quantitative 
estimations of human risk from animal data, is based on the non-threshold assumption,of carcinogenesis. 
A large body of evidence, however, suggests that epigenetic carcinogens (carcinogens which do not 
induce mutations) as we11 as many genotoxic carcinogens may have a threshold dose level below which 
they are noncarcinogenic (Amdur, et al. 1991). The linear multi-stage model is therefore regarded as 
being conservative for many chemicals. 
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Adding to this is the fact that the EPAderived slope factors found in IRIS (EPA 1994a) are set at the 95 
percent UCL of the linear slope of the multi-stage model. Thus, risks evaluated using the slope factors 
may be overestimated. This consideration applies to both radiological and chemical estimates of 
carcinogenic risk. The slope factors derived by EPA for the evaluation of risks due to external exposure 
to radiation are of particular concern in this regard. These values were derived using conservative 
assumptions about exposure conditions and are likely to provide conservative risk estimates. 

The methods used to define RfD values for chemical contaminants also incorporate a large degree of 
conservatism. Sets of multiplicative uncertainty factors are used to adjust the results of animal and 
human toxicologic studies to take into account the nature of the endpoint "no observed adverse effect 
level" (NOAEL) to "lowest observed adverse effect level" (LOAEL) seen in the studies, differences in 
response to different dose schedules, the presence of especially sensitive populations, and the possible 
differences between human and animal sensitivity to contaminant exposures. Each uncertainty factor 
may have a value as high as 10; thus, RfD values typically are set between 100 and 1000 times lower 
than the lowest dose demonstrated to cause observable adverse effects in animd studies. If the human 
and animal responses to contaminant exposures are not as dissimilar as reflected in the uncertainty factors 
(or if humans are less, rather than more, sensitive to contaminants), it is possible that the use of RfDs 
overstates the potential for adverse health effects in humans. 

- 

- -  

1 
When exposure to multiple chemicals occurs, the potential for harmful effects is assessed by summing 
the HQs and this value is designated the HI. In keeping with EPA guidance (EPA 1989a), all non- 
carcinogenic risk was considered additive. Since the noncarcinogenic COCs found at Operable Unit 5 

are associated with various adverse effects, many of which are manifested by distinct target organs and 
systems, the assumption of additivity of effects may overstate actual risks. 

Predicted exposures to arsenic, magnesium, and manganese, which are projected to be present in residual 
soils and water at or near background concentrations, were responsible for a large proportion of the total 
HI and chemical risk mainly for the on property farmer and child receptors. This large contribution is 
due to the conservative assumptions made in the food pathways and the conservative toxicological 
parameters. 

To put the FEMP soil background levels into perspective, they are compared to the results of a 
nationwide survey of surface soils conducted by Shacklette (1984). According to Shacklette, 48 percent 
of all samples analyzed for arsenic contained between 6.5 and 16.0 mg/kg arsenic. The representative 
residual soil concentration used in the Operable Unit 5 CRAM was 7.0 mg/kg arsenic. 
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Fifty percent of the samples analyzed by Shacklette contained between 3000 and 10,OOO mg/kg 
magnesium. The representative residual soil concentration used in this CRAW was 8640 mg/kg 
magnesium. 

Fifty percent of the samples analyzed by Shacklette contained between 300 and 700 mg/kg manganese. 
The representative residual soil concentration used in this CRARE was 878 mg/kg manganese. While 
the 878 mg/kg manganese concentration is greater than the range reported by Shacklette, it is in the 
range of average natural background (40 to 900 mg/kg) reported in the Toxicological Profile for 
manganese (ATSDR 1989). Therefore, the 878 mg/kg used as a residual soil concentration is at the high 
end of natural background levels reported for the continental United States. For each of the elements 
reported above, ingestion (either direct or via food pathways) is the principal exposure pathways 
contributing to high estimates of risk. For arsenic, this risk is largely attributable to the ingestion of 
fruits and vegetables with arsenic from both soil uptake and groundwater i_rrigation. 

The model used to predict the concentration of aisenic in vegetables assumes lo00 years of deposition 
and irrigation in addition to the arsenic already present in the soils. Thepr-edicted concentration of 
arsenic in the aquifer is the arsenic remaining after 30 years of projected pump-and-treat groundwater 
remediation. This projection accounts for the very slow mobility of arsenic in the aquifer. The plant 
uptake model assumes lo00 years of irrigation without any credit for natural rainfall. Since the average 
rainfall for the FEMP area is 41 inches per year, it is likely that for many years no irrigation would 
occur or would only be minimal. It was also assumed that the on-property farm family would consume 
50 percent of their diet as home grown produce. Since the growing season for Ohio is May through 
October, it would take extensive canning and freezing operations for the farm family to obtain 50 percent 
of their annual intake of produce from homegrown sources. The vegetable pathway accounts for 99 
percent of the off property farmer's arsenic intake. Since the arsenic levels are at naturally occurring 
levels for the United States and the water concentrations are roughly twice the MCL for arsenic, it seems 
unlikely that exposure of arsenic through vegetable consumption would result in adverse health effects 
predicted by this CRARE. This is especially true when the predicted chronic daily intake for arsenic is 
within the range for United States food products. 

Evaluated estimates of residual risk due to magnesium are entirely due to exposure through the milk and 
meat pathways with about an equal contribution from each pathway. Elevated estimates of risk due to 
manganese exposure are primarily due to exposure from the vegetable pathways and water consumption. 
Both magnesium and manganese are essential elements which are considered to be among the least toxic 
of trace elements (EPA 1993d). Nuts, cereals, seafood, and meats are high dietary sources of these 
elements. Since magnesium and manganese are essential elements in food, the body is normally able to 
maintain concentrations in the body through a complex homeostatic mechanism controlling absorption 
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and excretion. Different homeostatic mechanisms are used to control magnesium and manganese levels. 
D 

The prediction of adverse health effects due to magnesium through the milk'pathway would require that 
magnesium be present at such levels as to overwhelm the homeostatic controls of both the dairy cow, 
and the human receptor. This would be an unlikely prediction given that magnesium is present in the 
soils at or  near background levels. 

The conservatism and uncertainty present in the magnesium RfD adds to the conservatism of the 
predicted magnesium health effects. It is estimated that the RfD is at least five times too conservative 
due to the assumptions of magnesium absorption and urinary magnesium clearance. 

There is also great uncertainty regarding uranium carcinogenicity. As an alpha emitter, uranium is 
considered to be a carcinogen; however, epidemiological evidence of uranium-induced excess cancers is 
very difficult to obtain. The human studies of cancer from exposure to uranium frequently reveal a 
slight excess risk, if any, above the background risk. These uncertainties are not easily demonstrated or 
quantified. 

- -  
H.5.10 RISK CHARACTE RIZATION 
Throughout this risk assessment, potential health effects caused by the simultaneous exposure to multiple 
on-site COCs were assumed to be additive in nature (EPA 1989a). Uncertainties associated with 
summing cancer risks or HI for multiple substances are of particular concern in the risk characterization. 
The assumption of dose additivity ignores possible synergism or antagonism among chemicals and 
assumes similarity in mechanisms of action. However, information to quantitatively assess chemical 
interactions are generally lacking. In the absence of adequate information on chemical interactions, EPA 
guidelines indicate that carcinogenic risks and noncancer HIS should be treated as additive. 

D 

H.5.11 OVERALL UNCERTAINTY 
Numerous sources of uncertainty have been identified for this CRARE risk assessment (Table H.5-1). 
Each of these factors has been addressed in a fashion that will ensure that the final estimate of risk is 
conservative, which means that while the magnitude of uncertainty is high, the likelihood that risks have 
been underestimated is low. 
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TABLE H.5-1 
UNCERTAINTIES ASSOCIATED WITH ESTIMATED RESIDUAL RISKS FROM OPERABLE UNIT 5 

Source of Uncertainty Magnitude Expected Directionb Remark 

Selection of P W L R A s  Regulatory and public Moderate unknown 
review comment 

Wd ensure that remedial action 
is protective, but risk estimates 
are based on the selected 
alternative 

OU3 piping LOW No net effect on 
conservation 

Wd be addressed prior to 
completion of the OUS remedial 
action 

Postremedial Site 
Configuration 

Contents of the On-Site 
Disposal Cell 

Final footprint of High 
excavation 

Design and placement of High 
on-site disposal cell 

Environmental changes High 

Waste acceptance criteria High 
for on-site disposal cell 

I 

Increases conservatism 

Increases conservatism 

unknown 

Wd influence model 
groundwater concentrations 

Wd influence model 
groundwater concentrations 

Risk is projected out to loo0 
years after remediation is 
complete 

Increases conservatism WAC for OUS will determine 
type, source and volume of 
waste disposed on-site and may 
influence selection of PRAs 

Constituents of Concern in Adequacy of database Low 
Residual Waste 

Increases conservatism High degree of certainty that 
major COCs have been identified 

Selection of COCs Adequacy of database Low to moderate Unknown COCs may be underestimated, 
Principal constituents were 
identified. 

Exposure Pathways Assumptions for estimating Moderate 
exposure magnitude and 
duration 

Determination of exposure Low 
Pathways 

Increases conservatism Source term extends for lo00 
years past the remediation of 
other operable units 

Receptor and exposure pathway 
specific. 

Increases conservatism 



TABLE H.5-l 
(Continued) 

Source of Uncertainty Magnitude? Expected Directionb Re4lllirk 

Determination of land use High unknown Selection of land use is critical 
to the calculations of residual 
soils concentrations 

Worst-case scenario assumed for 
each land-use objective 

Based on historic stability of 
surrounding communities, RME 
exposure durations are high 

Exposure Assumptions 

High 

Moderate to High 

Increase conservation 

Increases conservatism Exposure duration 

Exposure frequency Moderate Increases conservatism 

Increases conservatism 

Decreases conservatism 

Increases conservatism 

Designed to be conservative 

Exposure time Moderate Designed to be conservative 

Derived from standard weight 
tables 

Designed to be conservative 

Designed to be conservative 

Body weight LOW 

Ingestion of soil, water & 
food 

Dermal exposure factors 

Assumptions for fate 
and transport analysis 

Calculated exposure-point 
concentrations 

Moderate 

Increases conservatism 

Increases conservatism 

High 

High Modeled Exposure-Point 
Concentrations 

ExposurePoint Concentrations 

Model assumptions were chosen 
to be conservative 

Source concentrations based on 
95 percent UCL or maximum. 
Sampling was biased for 
radiological COCs 

Doseresponse based on animal 
data 

Doseresponse based on high 
levels of human or animal intake 

Conservative assumptions made 
for external exposure 

PAHs pose low risk 

PCBs pose relatively low risk 

Furans/dioxins relatively low 
risk 

. 

I 
Moderate Increases conservatism 

Increases conservatism 

Increases conservatism 

Increases conservatism 

Increases conservatism 

Increases Conservatism 

Increases conservatism 

Toxicological Information Doseresponse assessment High 

Moderate to high 

Moderate to high 

Other Operable Unit 5 
COCs 

Low 

LOW 

LOW 



TABLE W.5-1 
(Continued) 

Source of Uncertainty Magnitude’ Expected Directionb Remark 

Risk Characterization 

Overall 

Additivity Low to moderate Increases conservatism 

Failure to consider unknown 
antagonism 

Failure to consider unknown 
synergism 

Failure to consider Low 
segregation of low HIS 

High 

Increase conservatism 

Decrease conservatism 

Increases conservatism 

Increases conservatism 

Potential health effects driven by 
few COCs and few exposure 
pathways 

Data unknown 

Data unknown 

HIS dominated by few COCs and 
exposure pathways 

High uncertainty from 
combining low, moderate and 
highly uncertain parameters 

Magnitude is assessed qualitatively based on professional judgment and includes the following: 
- Low-impact risk by a factor of 10 or less. 
- Moderateimpact risk by a factor of 10 to 100. 
- High-impact risk by a factor of 100 or more. 
Direction is assessed qualitatively where an increased conservatism increases final health effects calculated in calculated risk assessment. 

I 
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H.6.0, SUMMARY AND ANALYSIS OF FINDINGS 

This CRARE estimates the incremental human-health risks associated with the FEMP 1000 years after 
implementation of the adopted site-wide remedy. It takes into account the postremedial or "residual" risk 
to human receptors from the combined residual sources of the FEMP's five operable units. The results 
have been summarized and discussed in this section by the following categories: 

Site-wide sources of residual contamination 
Identification of COCs 
Receptors 
Pathways of exposure 
Uncertainty analysis 
Postremedial risk results 

H.6.1 SUMMARY OF FINDINGS 
H.6.1.1 
The primary sources of contamination remaining after site-wide remediation include site soils, 
groundwater, and the engineered on-site disposal cell (Section H.2.0, Figure H.2-1). Site soils and 
groundwater are the major sources of COCs for all exposure routes to potential receptors. Exposure 
routes include inhalation, dermal contact, ingestion, and direct radiation. Section H.4.0 discusses the 
origin, release mechanisms, and route of transport of these COCs. 

Site-Wide Sou rces of Residual Contamination 

- _. . 

H.6.1.2 Identification of COCs 
The nature and extent of residual site soil contamination and the waste to be placed in the on-site disposal 
cell were identified using Appendix R of the SWCR as well as the Operable Unit 1, 2, 4, and 5 RI/FS 
reports (Section H.2.0, Table H.2-1). Waste to be placed in the on-site disposal cell was traced, by 
media, from its source and taken into consideration in the development of the CRARE COC list. 

A comprehensive list of Operable Unit 5 COCs (Section H.2.0, Table H.2-2) was compiled based on a 
screening of the contaminants of potential concern (CPCs) quantified in the Operable Unit 5 R1 report. 
If a CPC posed an ILCR greater than 1 x lo7 or an HI greater than 0.1, it was retained as a COC. This 
comprehensive list was then further screened. Those COCs that collectively pose more than 95 percent 
of the baseline risk to receptors were retained on a "short list" of COCs appearing in the C U R E  
(Section H.2.0, Table H.2-3). The process used for selection of the C U R E  COC short list followed 
guidance provided in RAGS @PA 1989a). The short-list concept enables risk assessors to provide a 
detailed analysis of potential risks caused by a manageable number of dominant COCs and avoid "large, 
unwieldy tables and text that are difficult to read and understand and may distract from the dominant risks 
presented by the site" @PA 1989a). 
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*During groundwater fate and transport analysis (Section H.3.1), the COCs on the comprehensive list 
were analyzed using screening techniques to determine if significant quantities of COCs would impact 
groundwater within the 1OOO-year time frame. Any COCs determined to have potential future impact to 
the aquifer were included in the short list. 

It is likely that volatile and semivolatile organic chemicals will undergo biodegradation or otherwise be 
removed by fate and transport from the FEMP site lo00 years after remediation. However, a health- 
protective approach was employed in which volatile and semivolatile COCs were included as COCs to 
ensure that the residual risk would not be underestimated. The overall approach to COC selection and 
evaluation assures that it is unlikely that any major contaminants were overlooked or arbitrarily removed. 

H.6.1.3 Receptors 
The following target and reference RME receptors have been evaluated in this CRARE. 

m g e t  Receptors ReferenGe ReceDtors 

0 Undeveloped-pack user 
0 Off-property resident farm adult 

Off-property resident farm child 

0 On-property. farm adult 
0 On-property resident farm child 
0 CommerciaYindustrial user 
0 Developed-park user 
0 Wildlife-reserve user 
0 Expanded trespasser 
0 Great Miami River user 
0 Meat and milk user 

The complete list of receptors represents a wide array of potential future land uses. Target receptors are 
those incorporated by design into the adopted site-wide remedy from the Operable Unit 5 representative 
remedial alternative. They were chosen for specific land-use conditions. The estimated risks for these 
target receptors provide the means to measure the completeness and effectiveness of the representative 
remedial alternative. The reference receptors are included in the CRARE to provide an understanding 
of the magnitude of the potential risks to a variety of receptors in the event FEMP institutional controls 
fail or land use changes for any reason. 

H.6.1.4 Pathwavs of ExDosure 
The pathways considered in Operable Unit 5 CRAM include: 

0 Inhalation of volatile vapors, radon gas, and particulates 
0 Incidental ingestion of soil, sediment, and surface water 
0 Dermal contact with soil, sediment, surface water, and groundwater 
0 External radiation exposure 
0 Ingestion of groundwater (perched or Great Miami Aquifer) 
0 Ingestion of farm products (milk, meat, and vegetables and fruit) 
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While these exposure pathways are receptor-specific, the significant pathways for most receptors are the 
B 

inhalation of fugitive particulates, consumption of farm products and drinking water, and dermal contact 
with soils. External radiation is a significant pathway of concern for all on-property receptors. 

H.6.1.5 Uncertainty Analva 
The risk assessment process contains various elements that contribute to uncertainty which could 
potentially impact the accuracy of the risk estimates. Understanding the uncertainties inherent in the 
development of risk estimates is essential when interpreting the results for risk management decisions. 

Principal sources of uncertainty in the Operable Unit 5 CRAW were examined and are presented in 
Section H.5.0. Uncertainties include the future dispositio'n of the FEMP property and residual wastes, 
placement of the on-site disposal cell, volume and nature of COCs left in the site soils and disposal cell, 
accuracy of the fate and transport modeling used in developing the exposure point concentrations, and 
toxicity of the COCs. A major point of uncertainty and overly conservative assumptions was the 
modeling of the COC uptake by plants and animals and ultimate transport through the food pathways to 

the human receptors. - _. . 

This C U R E  employed conservative assumptions and health-protective values obtained from the literature 
when site-specific values were not available. The approach is consistent with the EPA guidance stipulated 
in RAGS (EPA 1989a). Adopting these factors ensures that the final estimate of risk is conservative, 
meaning that while the magnitude of uncertainty is high, the probability that the actual risks have been 
underestimated is low. 

B 

H.6.2 ANALYSIS OF FINDINGS 
H.6.2.1 
The objective of the CRARE is to evaluate risk remaining at the FEMP site lo00 years after the 
conclusion of remedial activities. Potential health effects associated with the postremedial FEMP site 
were evaluated using three approaches to display the contributions of background concentration to the 
residual risks calculated for the receptors. These analyses were conducted using the methods established 
by the EPA (EPA 1989a) and RAWPA (DOE 1992a). The only difference in these three sets of risk 
calculations is the source terms of the exposure. The results of these calculations are presented in 
Attachment H.V (Tables H.V-3 to H.V-13). 

Presentation of Postremedial Risk Resul$ 

EPA requires that the characteristics of site residuals be considered in measuring the postremedial health 
risks (EPA 1988a). RAGS states that "background concentrations (of inorganic chemicals) may present 
a significant risk, and, while cleanup may or may not eliminate this risk, the background risk may be an 
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important characteristic to those exposed," and "If background risk might be a concern, it should be 
calculated separately from site-related risk" (EPA 1989a). 

To achieve this goal, three approaches (options) were employed to analyze the species and sources of risk 
drivers to the residual risks. These results enable the reader to understand the background contribution 
to the overall risks and distinguish between the portion of the risks induced by the background 
concentrations of COCs from the portion of risk of FEMP origin. Such information will assist risk 
managers and the general public in understanding the nature of the predicted risks so that sound risk 
management decisions can be made. 

Option A uses the total prdicted coc concentrations at the postremedial site as the source terms in 
predicting the risk to receptors. The source terms employed include background concentrations of 
radiological and inorganic COCs as well as those incremental concentrations attributable to the 
postremedial FEMP site. In other words, the source terms present total predicted concentrations of the 
COCs. 

- _. . 
Option B uses the source terms that include inorganic COCs at their naturally occurring background 
concentrations as well as the incremental concentrations of COCs attributable to the postremedial FEMP 
site but has eliminated naturally occurring radionuclides from consideration. 

The source terms used in the CRARE approach are concentrations of those constituents directly 
attributable to the postremedial FEMP site. It excludes the contribution from radionuclides and inorganic 
COCs at their background concentrations. This option presents the residual excess risk above natural 
background levels. 

[Note: Background radionuclide concentrations are those present in the environment due to natural 
processes (e.g., weathering of radioactive-material-containing soils, minerals, or rocks) or anthropogenic 
processes other than those occurred at the site such as nuclear weapons testing. Background inorganics 
also are direct result of nature weathering of soil and rocks (i.e., minerals), which often leaches out 
soluble portion of metal inorganic salts and leaves behind less soluble salts or elements. These remaining 
salts or elements often consist of noncarcinogenic heavy metals (such as iron, calcium, potassium, 
sodium, lead, magnesium, and manganese) and carcinogenic heavy metals (such as arsenic, nickel, 
cadmium, and beryllium). While ubiquitous, background concentrations of radionuclides and inorganics 
do vary considerably from area to area.] 
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TABLE H.6-1 

SUMMARY OF INCREMENTAL LIFETIME CANCER RISK AND HAZARD INDEX 
FOR ALL RECEPTORS FROM ALL PATHWAYS, CRARE APPROACH 

Target RME Receptor 

Incremental 
Lifetime Cancer 

Risk HI 

Undeveloped-Park User 
Off-Property Resident Farm Adult 
Off-Property Resident Farm Child 

2.2 x lod 
4.3 x 105 
1.7 x 10-5 

1.0 x lo2 
1.6 x 10' 
7.2 x 10' 

.. - 
I ..* 

~~~ 

Incremental 
Lifetime Cancer b t  

On-Property Resident Farm Adult 2.1 x lod 1.0 x 1 0 + O  " t .  

On-Property Resident Farm Child 3.5 105 5.4 x 10+O 
CornmerciaMndustrial User 2.9 105 4.3 x lo-? 
Developed-Park User 4.8 x lod 1.2 x lo2 
Wildlife-Reserve User 1.9 x 9.1 x 10-3 
Expanded Trespasser 1.5 x 10" 1.4 x lo-* 
Great Miami River User 7.7 10-7 3.9 x lo-' 
Meat and Milk User 3.3 x 105 2.6 x lo-' 

Reference RME Receptor Risk HI 

D 
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H.6.2.2 
The estimated site-induced incremental health risks associated with the postremedial FEMP site to 
both target and reference receptors are presented in Section H.4.0 and summarized below in Table 

Presentation of CRAM ADDroach R e s u l ~  

H.6-1. 

Target ReceD tors 
After implementation of the site-wide remedy, the undeveloped-park user is estimated to receive a 
potential ILCR of 2.2 x lob and an HI of 1.0 x lo2. The off-property resident farm adult receives a 
potential ILCR of 4.3 x lo' and an HI of 1.6 x lo', while the off-property resident farm child has an 
ILCR of 1.7 x 10' and a HI of 7.2 x lo-' (Table H.6-1). 

Both the noncarcinogenic health effects and ILCRs for the three target receptors are below the 
threshold values stipulated in the NCP (an HI of 1.0 and an ILCR of lo" to 1Q6). The results clearly 
indicate that the postremedial site conditions anticipated under the adopred site-wide remedy would 
not pose unacceptable health risks to the target receptors. The adopted site-wide remedy will 
effectively remove or consolidate site contamination and therefore reduce the associated risks to a 
level suitable for the planned land-use scenario. - _ _  . 

Reference ReceDtorS 
In the unlikely event that FEMP institutional controls fail, the remedial site would still protect seven 
of the eight reference receptors studied in the CRARE (Le., the oniproperty resident farm adult, 
commercial/industrial user, developed-park user, wildlife-reserve user, expanded trespasser, Great 
Miami River user, and the meat and milk user). The noncarcinogenic HIS for these seven receptors 
are all below the benchmark of 1.0, and the potential ILCRs are within the lo4 to range. 

Specifically, the potential HI and ILCR 'for the commercial/industrial user are 4.3 x lo2 and 2.9 x 

lo-', respectively. The projected potential HI and ILCR are 1.2 x lo2  and 4.8 x lod for the 
developed-park user; 9.1 x lo3 and 1.9 x 106 for the wildlife-reserve user; 1.4 x 10' and 1.5 x lo6  
for the expanded trespasser; 3.9 x 10' and 7.7 x lo7 for Great Miami River user; 2.6 x 10' and 3.3 
x lo-' for meat and milk user; and 1.0 x 10" and 2.1 x lo" for on-property resident farm adult 
(Table H.6-1 and Figure H.6-1). 

Using the CRARE approach, the only reference receptor that exceeds target risk levels is the on- 
property resident farm child. The predicted HI for the on-property resident farm child is 5.4 x lo+', 
and his potential ILCR is estimated at 3.5 x 10,' which is within the risk range stipulated by the NCP. 

FERlCRUS\APXS'AF'P-WH-6/t lllU:27pm H-6-6 

a 
1 

2 

3 

4 

5 

6 

7 

8 

9 

IO 

11 

". 13 

14 

15 

16 

17 

I S  

19 

20 

21 

22 

23 

24 

25 

26 

L I 



6349  
FEMP-OSFS-4-DRAIT 

November 14, 1994 

H.6.2.3 
The results presented in Section H.4.0 (CRARE approach) clearly show that the adopted site-wide 
remedy will result in health protective risk levels (both carcinogenic risk and noncarcinogenic health 
effects) for the three target receptors (undeveloped-park user, off-property resident farm adult, and 
off-property resident farm child). When background levels of inorganic and radionuclide COCs are 
subtracted out, residual contamination at the remediated FEMP site, including the site soils and the 
waste stored on-site, will not pose unacceptable health hazards or carcinogenic risks to these target 
receptors. 

Discussion of CRARE Amroach Results 

As previously mentioned, the CRARE also analyzed the potential health impacts to eight reference 
receptors for the purpose of evaluating relative risks should the institutional controls fail and/or land 
use change for some other reason. Although the exposure scenarios for these reference receptors are 
unlikely in the context of planned land use, and the associated health effects improbable for the same 
reason, they do provide valuable information to decision makers and the general public in evaluating 
F E W  land-use objectives and the related health impacts. 

- -. . 

The following subsection presents a detailed examination of the COCs and exposure pathways that 
contribute to the on-property resident farm child's elevated HI. The intent of this discussion is to 
provide site-specific information regarding the estimated risk values so decision makers and members 
of the general public can better understand the nature of the risk estimates presented in this report. 
More significantly, the issues discussed below regarding the on-property resident farm child pertain to 
all FEMP receptors. This is because the risk estimates for each receptor under each option were 
derived using the same approach and methodology. 

B 

9 

10 

11 

12 

13 

1 . ..... 
.. , 

II ,. 

.... 
. .  

14 

. . -  

IS 

16 

17 

18 

19 

20 

21 

Background Concentration Contribution to HI Under CRARE ADDroach 
Detailed analysis of the on-property resident farm child's HI reveals that food pathways contribute the 

22 

13 

majority of his predicted potential cancer risk and health hazard. Magnesium in the dairy products 24 

and in vegetables and fruits contributes a HI of 2.5 x lo+' and 9.9 x lo', respectively (Attachment 25 

H.IV, Tables H.IV-66 and H.IV-68). 26 

contribution from background) induces 65 percent of this receptor's projected HI 27 

[(2.5 +0.99)/5.4 = 0.651. 28 

In other words, magnesium concentration (excluding any 

The soil concentration of magnesium used in the CRARE approach is 2820 mg/kg (Attachment H.VI, ,29 

Table H.IV-60). 
postremedial F E W  site is 2820 mg/kg higher than the background. 
Section H.3.9, the representative soil magnesium concentration at the postremedial FEMP site is 8640 

This means the representative magnesium concentration in the soil at the 30 

31 

32 

However, as presented in 

B 
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mg/kg, which is within the range of national average background concentrations (3000 to 10,000 
mg/kg) as reported by Shacklette (1984). 

The case clearly shows how a slightly elevated magnesium concentration found at the site soils 
(although is within the national background average) is responsible for a large proportion of the 
incremental HI for this hypothetical on-property resident farm child. 

H.6.2.4 
Another example presented to examine the impact of background concentrations of inorganic COCs 
on potential noncarcinogenic health effects is the comparison of the HIS calculated for the same 
receptor under different options. The predicted HIS and ILCRs of both target and reference receptors 
under the three options are summarized in Table H.6-2 and graphically illustrated in Figures H.6-1 
and Figure H.6-2, respectively. (For details, see Attachment H.V, Tables H.V-3 through H.V-13). 

Presentation of ODtion A and B Results 

As stated earlier, the source term concentrations used to calculate CRARE residual risk do not include 
background levels of inorganic and radionuclide COCs. The inclusiongf naturally occurring 
background levels of the inorganic COCs (as calculated in Option A or Option B) results in HIS 
greater than one for five receptors. These receptors include off-property resident farm adult and 
child, on-property resident farm adult and child, and the meat and milk user (Table H.6-2 and Figure 
H.6-1). 

Further examination of the HI for the off-property resident farm child calculated under the CRARE 
approach versus that calculated under Option A or Option B reveals the percentage of the HI due to 
background COC concentrations versus that due to the FEMP site. For example, for the off-property 
farm child, the HI changes from 7.2 x loL (CRARE approach) to 1.7 x 10’ (Option A or B) when 
background concentrations are included in the source term. Expressed another way: 95 percent of 
this receptor’s residual noncarcinogenic risk (as calculated in Option A or Option B) is caused by 
background levels of inorganic COCs (Table H.6-2). 

The above discussion illustrates that the relative risk from natural or anthropogenic sources (man- 
made but not originating from the site) may be high when compared to the incremental risk associated 
with above-background levels of site related residual COCs. 
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Backmound Concentration Contribution to Cancer Risk Under ODtions A and B 
Careful examination of the on-property resident farm child’s potential cancer risk derived under the 

28 

29 

three Options (Table H.6-2 and Figure H.6-2) provides information critical to the interpretation and 
management of the projected risks. 
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TABLE H.6-2 

SUMMARY OF INCREMENTAL LIFETIME CANCER RISK AND HAZARD INDEX 
FOR ALL RECEPTORS FROM ALL OPTIONS 

Hazard Index 

CRARE 
RME Receptors Option A Option B Approach 

Undeveloped-Park User 5.1 x lo-' 5.1 x lo4 1.0 x 
Off-Property Resident Farm Adult 3.5 x 10+O 3.5 x 10+O 1.6 x lo-' 
Off-Property Resident Farm Child 1.7 x lo+' 1.7 x 10" 7.2 x 10' 

On-Property Resident Farm Adult 
On-Property Resident Farm Child 
Commercialfindustrial User 
Developed-Park User 
Wildlife-Reserve User 
Expanded Trespasser 
Great Miami River User 
Meat and Milk User 

7.1 x 10+O 
3.6 x lo+' 
2.6 x lo-' 
6.0 x 10" 
4.4 x lo2 
6.4 x lo2 
4.4 x 10' 
1.3 x lo+' 

7.1 x lo+' 
3.6 x lo+' 
2.6 x lo-' 
6.0 x lo-' 
4.4 x lo2 
6.4 x 10' 
4.4 x io-!.. 
1.3 x lo+' 

1.0 x 10+O 
5.4 x 10+O 
4.3 x lo2 
1.2 x lo2 
1.4 x 10" 
3.9 x lo-' 
2.6 x lo-' 

9.1 10-3 

Lifetime Cancer Risk 
CRARE 

RME Receptors Option A Option B Approach 

Undeveloped-Park User 
Off-Property Resident Farm Adult 
Off-Property Resident Farm Child 

1.4 x 10' 
9.5 x 10" 
1.6 x 10" 

~ ~~~~~~ ~ 

3.0 x 10-6 
3.2 x lo" 
1.2 x lo" 

2.2 x 
4.3 x lo-s 
1.7 x 10-5 

On-Property Resident Farm Adult 
On-Property Resident Farm Child 
Commercialflndustrial User 
Developed-Park User 
Wildlife-Reserve User 
Expanded Trespasser 
Great Miami River User 
Meat and Milk User 

1.4 x 10-3 

2.0 x io4 
1.2 1 0 5  

2.6 x 10-5 

2.4 x 10" 

3.3 x lo5 
9.3 x lod 
5.6 x 10" 

5.9 x lo" 
1.7 x 10" 

6.5 x loa 
2.6 x 
2.1 x lo" 
6.5 x lov6 
3.9 x lo-5 

3.4 105 

2.1 x lo" 
3.5 x 10' 

4.8 x lo6 
1.9 x 
1.5 x 

2.9 x 105 

7.7 x 1 0 7  

3.3 1 0 5  
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The inclusion of naturally occurring background levels of inorganic COCs (as calculated in Option B) 
results in potential cancer risks greater than 1.0 x 104 for four receptors (Table H.6-2 and Figure 
H.6-2). These receptors are the off-property resident farm adult and child, on-property resident farm 
adult and child. 4 

I 

2 

3 

To assess the impact of background concentrations of inorganic COCs on the predicted potential 

approach, this receptor's ILCR is estimated at 1.7 x lo5. However, if the background levels of the 
inorganic COCs are included (Option B), the potential cancer risk for this receptor changes to 1.2 x 

10-4 (Table H.6-2) which represents a 342 percent increase in the estimated cancer risk over the 
CRAW approach. In other words, 86 percent of this receptor's potential lifetime cancer risk is 
caused by background levels of carcinogenic inorganic COCs. 

5 

6 

7 

8 

9 

IO 

I I  

cancer risks, the off-property resident farm child was chosen as an example. Using CRARE 

The inclusion of background levels of inorganic and radionuclide COCs results in potential cancer 12 

13 

14 

15 

risks greater than 1.0 x 10-0 for five receptors when comparing the results of CRARE approach and 
the Option A (Table H.6-2 and Figure H.6-2). These receptors include-the off-property resident farm 
adult and child, on-property resident farm adult and child, and commercialhndustrial user) 

16 4 The same argument can be made when considering the overly conservative approach illustrated in 
Option A, which calculates total risk including the background contributions from radionuclides and 17 

18 

19 

20 

inorganic COCs. Such over-conservatism pushes the predicted HI and lifetime cancer risk of the on- 

respectively. The HI would increase by 660 percent and the lifetime cancer risk by 690 percent. 
property resident farm child from 5.4 x lo+' to 3.6 x 10" and from 3.5 x 10' to 2.4 x lo4, 

Comparing these three sets of risk estimates clearly reveals the contribution of background levels of 
inorganic and radionuclide COCs to the final estimate of residual risk. It also points out the 

21 

22 

23 importance of understanding these contributions. 

Based on the above discussions, it is clear that the majority of the predicted potential HIS and ILCRs 
presented in Options A and B are the direct result of including natural and anthropogenic background 
concentrations of radionuclides and inorganic COCs in the estimates of postremedial risk. 
such a concept will result in significant over-estimation of risk values. 

24 

25 

26 

27 

28 

29 

Adopting 
Without careful review and 

analysis of the risk results and a complete understanding of the nature and source of the major risk 
drivers, sound risk management decisions would be more dificult to make. 
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H.6.3 CONCLUSIONS AND RECOMMENDATIONS I 

This CRARE report attempts to evaluate the sources and magnitude of the potentid health risks to a 
range of target and reference receptors associated with the postremedial FEMP site. 
observations or conclusions can be drawn from this analysis: 

B 
2 

3 

4 

Several 

The adopted site-wide remedy would not result in unacceptable health hazards or 5 

6 

7 

8 

incremental lifetime cancer risks to the three target receptors (Le., undeveloped-park user, 

reference receptors when background concentration are taken into consideration. 
off-property resident farm adult, and off-property resident farm child) or seven of eight 

These findings confirm the completeness and effectiveness of the waste removal and 
treatment measures proposed in the site-wide remedy and explicitly presented in the 
Operable Unit 5 representative remedial alternative. 

The on-property resident farm child is the only receptor studied under CRARE approach 
that may receive an HI and potential lifetime cancer risk higher than the levels generally 
considered acceptable by regulatory and scientific communities. This exposure scenario is 
very unlikely since it can occur only if the institutional controls included in the site-wide 
remedy fail. - .. . 

9 

IO 

I t  

12 

13 

14 

IS 

16 

17 . -  

- 7 . .  Upon further examination of the predicted HI and lifetime cancer risk for the on-property 
resident farm child under the three options studied in the report, it becomes clear that the 

18 

19 

20 

21 

22 

1- majority of such risk can be directly linked to the way in which background COC 
concentrations are handled. The consideration of residual inorganic and radionuclide 
concentrations which are within the range of regional or national background levels is a 
key issue. 23 

+ 

After subtracting out the portion of the HI and potential lifetime cancer risk attributed to 24 + 
25 

26 

the background radionuclide and inorganic concentrations, the revised HI and ILCR for the 
on-property farm resident child are within the target ranges stipulated in the NCP. 

Over-conservatism is employed in this CRARE as in other risk assessments. It is 27 

28 

29 

imperative that decision makers and the general public understand the nature of the issues 
so that sound and cost-effective risk management decisions can be made. 

In the event that the background concentrations present a significant risk at a Superfund 
site, and cleanup may or may not eliminate this risk, the Risk Assessment Guidance for 
Superfund @PA 1989a) allows the Remedial Program Manager the option of considering 

30 

3 1  

32 

33 the risk posed by naturally occurring background constituents separately. 
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H.I. WATER TRANSPORT MODELING 

This attachment presents supplmental information on the methodology, models, and results of the 
CRARE water transport analysis. The complete approach is described in Section H.3.0. 

Section H.I. 1 presents the refinements made to the estimations of. residual source terms. Section 
H.I.2 describes the flow, infiltration, and fate and transport models used. Section H.I.3. presents the 
water modeling results. These exposure-point concentrations, which were used to estimate the risk to 
potential receptors, are presented in tables and figures (isopleths). Section H.I.4 reproduces the 
model output for the groundwater mass loading. 

H.I. 1. Refinements to ODerable Unit 5 Source Term Estimations 
The final CRARE fate and transport modeling was conducted using refined estimations of residual 
COC sources. Below is a summary of the adjustments made during the refinement process. 

Remesentathe Alternative Based on Screening of Future Loading from the-DisDosal Cell 
The 4nitroaniline contamination, which is very mobile, was only detected at the KC-2 
Warehouse. Available data do not indicate that the contamination was dispersed over the 
entire Source Area 560b as modeled in the Operable Unit 5 draft RI report. A volume of 
2500 cubic yards was estimated to be contaminated with 4-nitroaniline instead of the entire 
Source Area 560b. Therefore, the volume-weighted concentrations of 4-nitroanil ine in the 
disposal cell and residual concentration in 560b were revised to better reflect site 
conditions. 

Based on recent TCLP data and measured concentrations in soil and perched groundwater 
of Tc-99 (see Appendix F), the K, value of Tc-99 has been estimated to be 30 L/kg. 
However, the literature & values for clay, sand, and gravel used in the RI were similarly 
adopted for the CRARE. As a result of these assumptions, the WAC of tc-99 for the 
disposal cell was determined to be 30 pCi/g. On the basis of the WAC, about 25,000 
cubic yards of excavated soil cannot be disposed in the on-site disposal cell and would need 
to be shipped off-site due to Tc-99 contamination. 

Based on the initial screening, after the above two adjustments to the Operable Unit 5 
representative alternative, none of the 14 groundwater pathway COCs would have 
significant impacts (Le., higher than drinking water criteria specified in the RRA) to the 
Great Miami Aquifer due to future loading from the disposal cell Fable H.1-1). 

Refinements to the Operable Unit 5 Representative Remedial Alternative Based on Screeninp of Direct 
Contact to Residual Soil Contamination Outside of the ODerable Unit 5 Excavation FootDrint 

The COC-specific soil PRLs were used to calculate source area-specific accumulated ILCR 
or HI levels due to the residual contamination of multiple COCs. The areas that have 
accumulated ILCR levels higher than l ~ l O - ~  or HI values higher-than 1.0 for the D 
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undeveloped-park-user exposure scenario were identified. Additional remedial actions or . 
source characterizations would need to be defined and incorporated into the RRA for these 
areas. 

An excavation volume of about 3000 cubic yards of surface soil from Source Area 582b 
was used because of high concentrations of COG. This volume becomes a part of the 
additional excavation volume estimated for the Operable Unit 2 area (Le., 20,000 cubic 
yards). 

The unexcavated portion of the original Source Area 570a as the new 57Oa-South source 
area was defined and the representative residual COC concentrations for 570a-South were 
recalculated. Most of the sampling data with higher COC concentrations than were used to 
calculate the original representative 570a concentrations were in the portion that would be 
excavated. The unexcavated 57Oa-South area has relatively lower contaminant 
concentrations than the excavated portion of 570a area. 

The inorganic COCs that have residual concentrations at the background levels were 
identified. The COCs (e.g., manganese) may still cause significant impacts; however, 
additional remedial actions cannot reduce these impacts. 

The COCs that have residual concentrations that are primarily controlled by the detection 
limits were identified. The COCs at the detection limit levels m y  cause significant 
impacts. However, the actual concentrations of these COCs may be much lower. These 
COCs may require further field investigation during the remedial actions so they can be 
eliminated from the postremedial COC list. 

Actions Taken Based on Screenine of Future Residual Source Loading Terms into the Great Miami 
Aauifer 

The storm water retention basins would be backfilled with at least 2.5 feet of clay at the 
end of F E M P  remedial action. 

0 Statistically calculated block-by-block residual source concentrations for five major COCs 
in the groundwater pathway (Le., magnesium, mercury, Sr-90, Tc-99, and uranium) were 
reviewed. These block-by-block concentrations were first used to determine the level of 
conservatism of the original area-wide representative source concentrations as defined in 
the Operable Unit 5 draft RI report. In the draft RI report, representative source 
concentrations were usually dominated by a few measured, higher concentrations in each 
area, which was delineated based on the distribution of uranium contamination. For other 
COCs, contamination may not be distributed as uniformly as uranium within each of these 
areas. Therefore, the RI representative concentrations may be too conservative for a large 
portion within some source areas. This situation is especially significant in source areas 
(e.g., 560a and 581a) along the border, where relatively few samples were used to 
represent large source areas. 

In the unexcavated areas where the extent of original RI source concentrations was 
determined to be overly conservative, the original area-wide source concentrations were 
replaced by the statistically calculated residual concentrations on a COC- and block-specific 
basis. These modifications result in more realistic COC distributions than were used in the 
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draft RI report for COCs other than uranium. However, they do not significantly change 
the maximum source concentrations and maximum mass loadings to the Great Miami 
Aquifer. Because these statistical analyses do not eliminate any sample data, the blocks 
which contain those measured, higher COC concentrations still remain in the analysis. The 
only significant impact of these modifications was the extent of the area which has higher 
residual concentrations in each source area. Thus, the areas of residual contamination 
become more realistic and COC-specific in the FS. 

The COCs that have residual concentrations that are primarily controlled by the detection 
limits were identified. The COCs (e.g., Tc-99) at the detection limit levels may cause 
significant impacts, However the actual concentrations of these COCs may be much lower. 
These COCs may require further field investigation during the remedial actions so they can 
be eliminated from the postremedial COC list. 

Actions Taken Based on Screenina of Residual ImDacts in the Surface Water Pathwav 
The NEb subbasin would be regraded as part of the construction for the on-site disposal 
area so that the surface runoff in this area will flow toward the site instead of immediately 
off-site. 

An excavation volume of about 3000 cubic yards of surface soil from Source Area 582b 
was used. This volume becomes a part of the additional excavation volume estimated for 
the Operable Unit 2 area (Le., 20,000 cubic yards). 

An excavation volume of about 3000 cubic yards of surface soil from Source Area 582a 
was used to reduce magnesium source concentration. This become a part of the additional 
excavation volume estimated for the Operable Unit 2 area (Le., 20,000 cubic yards). 

The inorganic COCs that have residual concentrations at the background levels were 
identified. The COCs (e.g., manganese) may still cause significant impacts; however, 
additional remedial actions cannot reduce these impacts. 

H.I.2 Water TransDort Models 
Contaminant fate and transport models for surface water and groundwater pathways were used to 
predict future COC concentrations at receptor locations. The specific application of the models is 
demonstrated in Appendix F. A summary of these models is presented in Tables H.1-2 and H.1-3. 
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TABLE H.1-1 
SCREENING RESULTS OF lFUTURE IMPACTS FROM THE DISPOSAL CELL 

Average 
GMA Groundwater Criteria Maximum Maximum 

GMA Fenceline 
Source Concentration 

COC Disposal Cell WAC Solid Liquid Concentration Concentration ILCR lo4 ILCR l o5  HQ=0.2 MCL 

Bis(2chloroisopropyl) 
Bromodichloromethane 
1,2-Dichloroethane 
Carbazole 
Chromium(Hex) 
&Nitroaniline 
Uranium - Total 

Inorganics 
Boron 
Magnesium 
Mercury 

Radionuclides 
Np237 
Sr-90 
Tc-99 
U-238 

I 

1.54 x lo-".) 
2.24 x 10"') 
1.34 x ldc.) 
7.27 x loy") 
2.75 x logb' 
2.72 x l ow)  
1.03 x 10'"*" 

1.04 x low) 
1.72 x low) 
4.47 x 1 P )  

@ C W  
3.12 x 10%') 
5.67 x 
2.91 x lo'(') 
3.45 x 10""" 

4.84 x 10-3 
2.32 x l o 3  
2.29 x 10' 
6.08 x 10' 
3.12 x 10' 
2.78 x lo4 
1.00 x 10' 

( m g W  

2.64 x 104 
1.37 x 10' 

5.44 x 10' 

@cw 
1.02 x 100 
3.79 x 100 
1.70 x 10' 
3.36 x 10' 

6.92 x 10' 
5.51 x 100 
1.47 x 10' 
5.63 x 10' 
8.43 x 10' 
2.05 x 10' 
6.67 x Id 

O l g w  
4.57 x 10' 
5.87 x lo6 
5.44 x 10' 

@Ci/L) 
1.86 x 10' 
3.79 x 10' 
5.66 x 10' 
2.24 103 

Notes: (') Protective level: ILCR 10" 
@) Protective level: HQ of 0.2 

Protective level: MCL 
K, = 15 Llkg 

NA = Not Applicable 
Area Size: 1000 feet by 1000 feet, 3-foot liner, infiltration rate: 0.89 incheslyear 
Gray Clay Thickness: 22 feet, constant source leachate concentration 

5.13 x 10' 
4.14 x 10' 
1.34 x 10' 
9.54 x 104 
2.52 x 10' 
1.54 x 10 '  
1.93 x lo" 

b g W  

5.39 x lp' 
4.29 x loo 

1.92 x 10'' 

@cm 
2.57 x 10" 
2.07 x 10" 
4.25 x lo", 
6.48 x 10' 

: 

5.09 x 10' 
4.12 x 10.' 

7.53 x 104 
2.08 x 10' 
1.52 x 10' 
1.62 x 10' 

7.37 x 10-9 

Olga) 
3.39 x 100 
3.71 x 10' 
8.31 x lo4 

@cw 
1.54 x 1 0 ' O  
1.19 x 10'O 
4.23 x .loo, 
5.44 x 10' 

1.63 x 10' 1.63 x loo NA NA 
4.01 x 10' 4.01 x 10' NA 1.00 x 10' 
7.86 x 10' 7.86 x 10' NA 5.00 x 10' 
1.14 x 10' 1.14 x 10' NA NA 

NA NA 2.22 x 10' NA 

2.57 x 10' 2.57 x 10' 1.77 x 10' 2.00 x 10' 
NA NA 1.52 x 10' NA . . 

bgn-1 OlcglL) bCgW b g W  

NA NA 3 . 5 2 ~  104 NA 
NA NA 3 . 2 6 ~  lo2 NA 

NA NA 1.58 x 10' 2.00 x loo 

@ci/L) @cifL) @ci/L) @ci/L) 
7.83 x 10' 7.83 x 10' NA NA 
3 . 0 9 ~  10' 3 . 0 9 ~  10' NA NA 
7.23 x 10' 7.23 x 10' NA NA 
8.63 x 10.' 8.63 x 10' 5.94 x 10' NA 
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TABLE H.1-2 

SURFACE WATER FLOW AND INFILTRATION MODELS 

Model Description and Use 

HEC- 1 

VS2DT 

MUSLE 

USLE 

0 

SWF&IM 

HEC-1 is a computer model developed by the U.S. Army Corps of 
Engineers (USCOE 1990) to simulate rainfall and runoff. HEC-1 was 
used in this modeling effort to estimate the hydrologic parameters of 
the Paddys Run drainage basin which encompasses the FEMP. The 
output for HEC-1 was used as input for VSZDT, MUSLE, and the 
Partitioning Equations. 

VS2DT is a computer model developed by the U.S. Geological Survey 
(USGS 1990) to simulate variably saturated groundwater flow in two 
dimensions. VS2DT was used in this modeling effort to estimate the 
amount and pattern of infiltration of surface water through the 
streambeds of Paddys Run and the SOD.- 

The Modified Universal Soil Loss Equation presented in the Superfund 
Exposure Assessment Manual (EPA 1988) is used to estimate the 
amount of sediment which was generated by a single storm event. 
This equation was used in this modeling effoc.to estimate the amount 
of sediment generated by the representative storm event. 

The Universal Soil Loss Equation presented in the Superfund Exposure 
Assessment Manual (EPA 1988) was used to estimate the annual 
amount of sediment produced in the subbasins of the Paddys Run 
drainage basin. V 

- 

Partitioning Equations The Partitioning Equations also are presented in the Superfund 
Exposure Assessment Manual. The partitioning equations consist of a 
series of equations used to determine the amount and concentration of 
contaminants released from the source surface soils in the dissolved 
phase (surface water) and the adsorbed phase (in sediments) from a 
single storm event. 

The Surface Water Flow and Infiltration Model is the term applied to 
collectively identify the above models used to simulate the rainfall, 
runoff, and Contaminant Transport. This is also sometimes referred to 
generically as the surface water model. 
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TABLE H.1-3 

GROUNDWATER FATE AND TRANSPORT MODELS 

Model Description and Use 

HELP The HELP model was used in the OU5 analysis to define infiltration 
rates (seepage velocities) for use in travel time screening and in vadose 
zone modeling with ODAST. The HELP model (EPA 1984) is a 
quasi-twodimensional hydrologic model of water movement across, 
into, through, and out of a waste area. The systems that can be 
modeled by HELP include various combinations of vegetation, cover 
soils, waste cells, special drainage layers, and relatively impermeable 
barrier soils. 

ODAST' 

ECTran 

SWIFT 

The ODAST model was used in the OU5 analysis to define vertical 
contaminant transport from contaminated soil or perched water to the 
GMA. The ODAST computer code is bash on the solution originally 
developed by Ogata and Banks (1961) and calculates the normalized 
concentrations of a given constituent in a uniform flow field from a 
source having a constant or varying concentration in the initial- layer. 
ODAST evaluates the basic onedimensionjjl q,alytical solute transport 
equation as a function of seepage velocity, dispersion coefficient, 
source decay, retardation factor, depletion time, and source rate. 

The ECTran model is a screening level groundwater contaminant fate 
and transport model implemented in Excel 4.0 which was developed to 
support the RI/FS processes at the FEMP. The Crystal Ball 3.0 add on 
module for Excel can be used with the ECTran model to perform 
Monte Carlo simulations. The ECTran model can be used to 
supplement other, more complex fate and transport models during 
parameter estimation, risk assessment, cleanup goal development, and 
stochastic sensitivity analysis. The model is based on straight-forward 
mass balances and advectioddispersion analytical equations, but can be 
used to simulate a variety of complex conditions. 

The SWIFT Great Miami Aquifer model was used for simulating the 
three-dimensional contaminant transport in the Great Miami Aquifer. 
The SWIFT code is a fully coupled, transient, 3dimensional finite 
difference model for groundwater flow through both porous and 
fractured media. The mass transport equations solved include terms for 
convection, dispersion, retardation by sorption, and decay or 
degradation of the contaminant. The SWIFT code, originally 
developed by Sandia National Laboratory in the late 1970s for the High 
Level Waste Program, has been revised several times to increase its 
capability and to change computer platforms. The SWIFT GMA model 
was originally calibrated in 1989. Recently the model has been 
redesigned and recalibrated based on new data. 

FE3UOlJSFS/JARJU~~-I/NovcmbcrlO. 1994 
t.. I . 
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H.I.3 MODELING RESULTS D Surface Water 
Tables H.I-4 and H.1-5 present the future surface water and sediment concentrations for all the ., 

modeled surface water COCs. Table H.I-6 presents the surface water contaminant loading to the 
Great Miami Aquifer of all of the COCs which account for 9 5  percent of the total risk and/or failed 
either the surface water or sediment screening as presented in Appendix F (Section F.2). The 
loadings from all of these COCs were calculated because they are required for the CRARE 
groundwater modeling. The computer print outs for the groundwater mass loading are presented at 
the end of this attachment. 

Groundwater 
The receptor locations modeled for the groundwater pathway are identified in the Operable Unit 5 
draft RI report. The COC-specific maximum concentrations and the times of occurrence at each 
receptor location are listed in Tables H.1-7 and H.1-8 for on-property and off-property receptors, 
respectively. To estimate the accumulated impacts due to multiple COCs, COC-specific 
concentrations at the time of the uranium maximum at each receptor location are also determined. 
These results are listed in Table H.1-9. - -. . 

The groundwater contamination plumes in the upper Great Miami Aquifer, following completion of 
groundwater recovery operations, at the time when the COC-specific maximum concentrations occur 
for each COC are shown in Figures H.1-1 through H.1-12. The residual contamination plumes of 
arsenice, manganese, and Ra-226 do not migrate significantly and remain relatively localized in the 
1000-year period, as shown in Figures H.1-13 through H.1-15. 

D 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

c 



TABLE H.I-4 31 
CRAW MODELING RESULTS, SURFACE WATER PATHWAY 

SURFACE WATER CONCENTRATIONS 8 
- t i  

* .  2 
$ 

. 2  

COCS 560 WPA 570 575 580 PDAR 
c 

Radionuclides (pCi/L) 
Radium-226 + 8d 
Strontium-90 + 1 d 
Technetium-99 
Thorium-230 
Thorium-232+ 1Od 

Inorganics (&I.,) 
Antimony 
Arsenic 
Beryl I ium 
Magnesium 
Manganese 
Mercury 

' Uranium 

organics (ccg/L) 
Alpha-chlordane 
Aroclor-1254 
Aroclor-1260 
Benzo(a)pyrene 
Dibenzo(a,h)anthracene 

0.00 
2.98 x 100 
1.33 x 102 
1.36 x lo3 

0.00 

3.74 x 10' 
1.86 x 10" 
3.72 x 10' 
1.69 x 10s 
1.64 x loz 
1.03 x 10" 
1.69 x 10" 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

1.06 x 10' 
9.69 x 10' 
1.61 x 10' 
1.45 x 104 
1.58 x loZ 
1.03 x 10" 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

I 

0.m 0.00 

0.00 0.00 

0.00 0.00 

4.06 x lo-' 

6.54 x 10-3 

3.37 x 10-1 

5.56 x lo-' 

9.64 x 102 
9.00 x lo-' 
2.26 x 10' 
4.46 x lV 
1.27 x loZ 
9.38 x 10" 
4.82 x lo-' 

1.01 x lo-' 
,1.12 x loo 
3.67 x 10" 
1.66 x 10s 
2.29 x loZ 
9.78 x 10' 
1.81 x 10" 

0.00 0.00 
0.00 0.00 
0.00 0.00 

7.02 x lo5 2.93 x lo4 
0.00 0.00 

0.00 
3.81 x 10' 

0.00 
0.00 
0.00 

9.48 x 10' 
1.01 x 10" 
1.44 x 10' 
5.94 x 104 
7.67 x 10' 
9.22 x 10' 
2.06 x 10' 

0.00 
0.00 
0.00 
0.00 
0.00 

8.31 x 10-3 
5.12 x 10" 

0.00 
0.00 
0.00 

9.42 x 10" 
8.79 x 10' 
1.82 x lo-' 
3.16*x 104 
1.61 x loZ 
9.16 x 10' 
1.74' x lo-' 

3.36 x 10-3 
0.00 
0.00 

7.37 10-5 
0.00 

a 



TABLE H.I-4 
(Continued) 

GMR at Paddys 
COC 58 1 582 NE Max. Paddys Run SSOD Run 
Radionuclides (pCi/L) 
Radium-226 + 8d 
Strontium-90+ Id 
Technetium-99 
Thorium-230 
Thorium-232 + 1 Od 

Inorganics (&I,) 
Antimony 
Arsenic 
Beryllium 
Magnesium 
Manganese 
Mercury 
Uranium 

t 

Organics (IrglL) 
Alpha-chlordane 
Aroclor- 1254 
Aroclor-1260 
Benzo(a)pyrene 
Dibenzo(a,h)anthracene 

0.00 
0.00 
0.00 
0.00 
0.00 

1.07 x 10" 
9.79 x lo-' 
1.63 x 
1.46x 104 
1.59 x 102 
1.04 x 100 

0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
3.01 x lo0 

0.00 
8.62 x lo3  
4.68 x lo4 

1.05 x lo-' 
1.47 x lo0 
3.68 x l o 2  
1.42 x lo' 
1.19 x 102 
1.02 x lo0 
1.31 x lo0 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
2.78 x lo0 

0.00 
0.00 

1.77 x lo4 

1.05 x lo-' 
l.00x loo 
1.82 x lo2  
1.71 x 104 
1.85 x 102 
1.02 x loo 
9.48 x' 10'' 

\ 

0.00 
0.00 
0.00 
0.00 
0.00 

8.77 x lo4 
8.84 x lo-' 
2.65 x 10' 
1.46 x lo2  
1.00 x lo4 

1.01 x lo-' 
1.04 x loo 
2.23 x 
5.01 x 104 
1.37 x loZ 
9.73 x 10" 
5.32 x lo1 

3.54 x lo4 
0.00 
0.00 

8.42 x 10-5 
0.00 

1.45 x lU3 
1.09 x lo0 

0.00 
3.06 x l a 3  
1.66 x 1v 

1.04 x 10' 
1.14 x loo 
2.38 x 102 
1.92 x 104 
1.42 x 102 
1.01 x loo 
5.04 x 10' 

5.86 x lo4 
0.00 
0.00 

1.29 x lo5 
0.00 

7.37 x 10-5 
7.43 x 
2.23 x 100 

8 . 4 4 ~  lod 
1.23 10-3 

8.48 x 10-3 
8.72 x 
1.87 x lo3 
4.21 x 103 
1.15 x 10' 
8.18 x 
4.47 x lo2  



TABLE H.1-5 

CRARE MODELING RESULTS, SURFACE WATER PATHWAY 
SEDIMENT CONCENTRATIONS 

COCS 560 WPA 570 ' 575 580 PDAR 
Radionuclides (pCi/L) 
Radium-226 + 8d 
Strontium-90+ Id 
Technetium-99 
Thorium-230 
Thorium-232 + 10d 

Inorganics @/L) 
Antimony 
Arsenic 
Beryllium 
Magnesium 
Manganese 
Uranium 

t 

Organics (pg/L) 
Alpha-chlordane 
Aroclor-1254 
Aroclor-1260 
Benzo(a)pyrene 
Dibenzo(a, h)anthracene 

0.00 
8.58 x 10" 
4.50 x 10-1 
2.27 x 10-1 
0.00 

2.69 x lo0 
1.07 x 10' 
1.39 x lo0 
2.19 x lo0 
8.52 x loZ 
1.58 x 10' 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

7.60 x 10' 

5.56 x lo0 
6.00 x 10' 
1.87 x 10' 
8.13 x 102 

0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 0.00 

0.00 0.00 

0.00 0.00 

1.28 x 10' 

1.19 x lo0 

1.02 x 10' 

9.75 x lo0 

7.60 x 10' 
5.67 x 100 

7.60 x 10' 
6.76 x lo0 

9.25 x 10' 1.44 x loo 
6.33 x 10' 2.25 x lo0 
7.21 x loz 1.25 x 10' 
4.94 x 16 1.77'~ 10' 

0.00 0.00 
0.00 0.00 
0.00 0.00 

1.17 x lo2 4.68 x 10' 
0.00 0.00 

0.00 
1.22 x 10' 

0.00 
0.00 
0.00 

7.60 x 10' 
6.50 x lo0 
6 . 0 0 ~  10' 
8.57 x 10' 
4.43 x loz 
2.14 x 100 

0.00 
0.00 
0.00 
0.00 
0.00 

1.87 x 10' 
1.65 x 10' 

0.00 
0.00 
0.00 

7.60 x 10' 
5.67 x 100 
7.62 x 10' 
4.59 x 10' 
9.36 x 102 
1.82 x 100 

3.62 x l ( r  
0.00 
0.00 

1.26 x lo2 
0.00 

c. 

*; f 
P 



TABLE H.1-5 
(Continued) 

GMR at Paddys 
Constituents of Concern 581 5 82 NE Max. Paddys Run SSOD Run 
Radionuclides (pCi) 
Radium-226 + 8d 
Strontium-90+ Id 
Technetium-99 
Tho r ium-230 
Thorium-232 + 10d 

Inorganics &/L) 
Antimony 
Arsenic 
Beryllium 
Magnesium 
Manganese 
Uranium 

organics hg/L) 
Alphachlordane 
Aroclor- 1254 
Aroclor- 1260 
Benzo(a)pyrene 
Dibenzo(a,h)anthracene 

0.00 
0.00 
0.00 
0 .00 
0.00 

7.60 x 10' 
5.56 x lo0 
6.00 x 10' 
1.87 x 103 
8.13 x 102 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
8.72 x 10-l 

0.00 
1.45 x lo0 
7.87 x 

7.60 x lo-' 
8.53 x lo0 
1.39 x lo0 
1.85 x 103 
6.22 x loZ 
1.23 x 10' 

0.00 
. 0.00 

0.00 
0.00 
0.00 

0.00 
8.01 x 10" 

0.00 
0.00 

2.97 x 

7.60 x 10-1 
5.79 x lo0 
6.84 x 10' 
2.22 x 103 
9.63 x 102 
8.90 x lo0 

I 

? 

0.00 
0.00 
0.00 
0.00 
0.00 

1.97 x lo2 
2.56 x 10" 
9.01 x 
2.57 x lo0 
1.69 x lo2 

7.73 x 10' 
6.17 x lo0 
8.66 x 10' 
6.85 x 103 
7.50 x 102 
5.27 x lo0 
I 

3.81 x lo5 
0.00 
0.00 

1.36 x 

0.00 

3.26 x lo2 
3.17 x 10' 

0.00 
5.14 x 10' 
2.79 x 10' 

7.60 x 10' 
6.67 x lo0 
9.07 x 10' 
2.61 x 103 
7.52 x 102 
4.78 x lo0 

6.32 x los 
0.00 
0.00 

2.20 x 1 0 3  
0.00 

1.65 x 10-3 

7.57 x 103 

1.42 x 103 

2.15 x 

2.16 x 10' 

6.50 x l a2  
5.19 x 10' 
7.28 x lo2 
5.76 x loZ 
6.30 x 10' 
4.43 x 10' 

3.21 x lod 
0.00 
0.00 

1.14 x lo3 
0.00 
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TABLE H.I-6 

SURFACE WATER PATHWAY LOADINGS TO THE 
GREAT MIAMI AQUIFER 

Radionuclides 

Radium-226 + 8D 

Strontium-90 + 1 D 

Technetium-99 

Thorium-230 

Thorium-232 + 10D 

I n O r g a n i C S  

Antimony 

Arsenic . 

Beryllium 

Magnesium 

Manganese 

Mercury 

Uranium 

Ol-ganiCS 

Alphachlordane 

Aroclor-1254 

Aroclor- 1260 

Benzo(a)pyrene 

Dibenzo(a,h)anthracene 

0.00 

3.37 x 109 

1.14 x lo3 
2.89 x lo8 

0.00 

6.31 x 10' 

3.50 x 10' 

7.20 x lo3 

2.78 x 104 

3.55 x 10' 

2.31 x 10' 

2.77 x 10' 

0.00 

0.00 

0.00 

4.24 x 106 

0.00 

0.00 

1.38 x lo9 

4.16 x 104 

1.60 107 

0.00 

2.92 x 10' 

1.95 x 10' 

4.77 x 103 

1.94 x 104 

2.64 x 10' 

1.44 x 10' 

2.02 x 10' 

0.00 

0.00 

0.00 

1.79 x lo5 

0.00 

2.50 x 10'' 

2.46 x 10'O 

3.33 x los 

1.46 x 

2.51 x 10-5 
_ .  

3.95 x 10-3 - _ _  . 
3.35 x lo-' 

7.65 x lo4 

1.84 x l@ 

4.27 x 100 

2.73 x lo-' 

2.45 x 10' 

9.98 x io4 
0.00 

0.00 

1.64 x 

0.00 .I. 

1.12 1 0 9  

5.89 x lo9 

0.00 

1.10 x 1 0 7  

1.12 x 1 0 3  

6.41 x 10' 

7.27 x- 10' 

1.58 x 10' 

1.21 x lo" 

8.73 x 10' 

6.23 x 10' 

3.73 x 18'  

4.46 x lW 

0.00 

0.00 

9.80 x lo6 

0.00 

a Operable Unit 5 RI (Appendix F) presents the description of Paddys Run reaches 
SSOD - Storm Sewer Outfall Ditch 
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TABLE H.1-7 

SUMMARY OF TIME, LOCATION, AND MAXIMUM GROUNDWATER CONCENTRATIONS OF 
COCS AT ON-PROPERTY LOCATIONS 

On-Site Maximum On-Site Fenceline Maximum 

Concentrat ion Time Grid Location Concentration Time Grid Location 

Radionuclides 
Np-237 
Ra-226 
Sr-90 
Tc-99 

Inorganics 
Antimony 
Arsenic 

Boron 
Magnesium 

Manganese 
Mercury 
Uranium-Total 

Organics 
Alpha-chlordane 

1.131 x lo4 
1.207 x lo5 
2.999 x lo* 
4.892 x lo3 

4.591 x 10' 
9.635 x 10' 
2.823 x 102. 
1.476 x 10s 
1.054 x 1oJ 
4.282 x 100 
2.159 x 10' 

2.467 x lo-' 

0 
0 
140 
40 

lo00 
0 
520 
240 
0 
630 
670 

120 

46,80 
30,84 
4735 
28,68 

4735 
61,71 
75,92 

, 34,64 

4735 
77,9 1 

: 23,14 
' I  

50,64 

9.716 x 106 
1.382 x 106 
6.545 x 10-9 
1.261 x lo3 

1.712 x 10'' 
7.184 x 10' 
2.018 x 102 

I 6.159 x lo4 
4.089 x lo2 
1.254 x 100 
2.138 x 10' 

4.621 x 18' 

100 
450 
190 
60 

lo00 
0 

480 
350 
0 
800 
510 

140 

34,47 
65,60 
26,50 
32,47 

34,47 
49,108 
62,100 
34,47 
73,73 
34,47 
76,76 

61 ,53 



TABLE M.1-7 
(Continued) 

c, . .  

.. . 

I .  , 
East Boundary West Boundary North Boundary 

Concentration Time Grid Location Concentration Time Grid Location Concentration Time Grid Location 
COC (Ccgm Or) 0,J) (Ccm Or) 0,J) (Ccgw (Yr) 0,J) 
Radionuclides 
Np-237 
Ra-226 
Sr-90 

TC-99 

Inorganics 
Antimony 
Arsenic 
Boron 
Magnesium 
Manganese 
Mercury 
Uranium-Total 

Organics 
Alpha-chlordane 

2.694 x lod 330 
1.382 x lod 450 
8 . 4 4 0 ~  10'' 70 
7 . 5 4 6 ~  10-4 30 

8.263 x lo-' lo00 
3.019 x 10" 300 
9.577 x 10' 610 
3.223 x 104 530 
4.089 x 102 0 
6 . 8 4 0 ~  10' lo00 
2.124 x 10' 520 

4.621 x lo3 140 

56,44 2.229 x lo5 0 
65,60 1.193 x 106 0 

58,47 . 2.385 x 109 170 
57/46 1.056 x lo3 40 

54,40 5.842 x lo2 250 
69,66 3.252 x 10' lo00 
84,88 4 . 7 5 0 ~  10" 290 

54,40 2.583 x lo4 300 
73,73 1.479 x 102 50 
54,40 2.145 x 10' '710 
75,75 1 . 7 9 7 ~  10" ' 0 

61,53 1.453 x 90 

22,70 

31,101 
22,69 
22,69 

22,69 
22,69 
22,70' 

22,69 
28,89 
22,'69 
26,84 

2 1,65 

1.730 x 10'' 260 
1.045xlod 0 
3.719 x 10'' 310 
4.564x l(r 50 

5.181 x lod 50 

7 . 1 8 4 ~  10' 0 
2.018 x 102 480 
3 . 2 5 4 ~  10' 720 
1.657 x 100 lo00 
3.445x 1 0 3  io00 
7.934x loo 640 

8.612 x 10'' 150 

62,100 
46,110 
62,100 

62,100 

62,100 
49,108 
62,100 
62,100 
61,99 
55,105 
62,100 

62,100 
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TABLE H.I-8 

SUMMARY OF TIME, LOCATION, AND MAXIMUM GROUNDWATER CONCENTRATIONS 
OF COCS AT OFF-PROPERTY RECEPTOR LOCATIONS 

Well 13 Receptor Location: Well 12 Well 12 Well 13 
.9. i . I : 
PI  1) (28,4692) (39,449 1) (59338, 1) 
P :i COC Conc. (pg/L) Time Conc. (pg/L) Time Conc. (pgk) Time Conc. (pg/L) Time 

Radionuclides 
Np-237 
Ra-226 
Sr-90 
Tc-99 

Inorganics 
Antimony 
Arsenic 
Boron 
Magnesium 
Manganese 
Mercury 
Uranium-Total 

6 

Organics 
Alpha-Chlordane 

4.10 x lo4 
2.20 x 10-7 
4.56 x 10-9 
9.95 x lo4 

1.32 x 10' 
1.07 x 100 
1.26 x 10' 
4.99 x loo 
6.53 x 10' 

9.48 x IO-' 
1.82 x 100 

4.77 x IO4 

80 
lo00 
1 40 
40 

200 
0 
40 

3 80 
100 
970 
0 

60 

5.06 x 106 

2.31 x 10-9 
1.19 x lo3 

1.00 x 107 

1.11 x 10' 
5.92 x lo-' 
5.90 x 10' 

7 . 5 6 ~  io' 
6.78 x lo-' 
2.47 x 10' 

4.97 x 1'04 

2.50 x 10-4 

90 8 . 0 0 ~  106 
lo00 1.4ox 109 
150 2 . 6 0 ~  10-9 
40 i . 0 4 X  1 0 3  

300 1.47 x 10' 
0 4.75 x 10' 
50 9.81 x 10' 
990 ' 5.58 x 104 
150 9.79 x 10' 
990 1.32 x lo" 
0 9.02 x lo" 

70 7.99 x lo4 

160 
lo00 
160 
40 

300 
200 
170 
370 
600 
660 
20 

90 

1 . 8 4 ~  lo4 430 
l . lOx lo-* lo00 
1.19 x lo-'' 210 
5.00x lo4 40 

5.88 x 10' 650 
1.21 x 10" lo00 
3.63 x 10' 350 
2.09x loo 600 
6.21 x lo" 1000 
3.94 x lo-' 1000 
7.44 x 10" 430 

2.01 x lo3  150 

FFR/OUSFS/JARH/APPH-I\November10. 1994 N-I- 15 
I 



TABLE H.1-8 
(Continued) 

ReceDtor Location: Well 34 Well 2071 Well 21 19 Well 2127 

COC 
~~~ ~ ~~~~~~~~ ~ _ _ _ ~  

Conc. (pg/L) Time Conc. (pg/L) Time Conc. (pg/L) Time Conc. (pglL) Time 
Radionuclides 
Np-237 
Ra-226 
Sr-90 
Tc-99 
Uranium-Total 

Inorganics 
Antimony 
Arsenic 

U 
9 
G 

0 Boron 
.a A Magnesium 
6. J 
$.a Manganese 
$3 Mercury 

I 

643 
Organics 
Alpha-Chlordane 

4.39 x 106 
1.50 x 10-9 
2.48 x 1013 

1.36 x 106 
7.92 x lo2 

1.37 x l o 4  
4.49 x 10' 
6.33 x 10-3 
5.78 x 10' 
2.22 x loo 
6.92 x lo-' 

4.00 x 1 0 7  

0 
lo00 
290 
80 
0 

500 
50 
410 
lo00 
850 
lo00 

190 

8.95 x 10' 
1.10 x IOzs 
9.34 x 10-l2 
1.04 x l(r 
5.61 x 100 

1.47 x 10-3 
4.58 x 10' 
1.06 x 10' 
3.64x 103 
1.66 x 161 
4.03 x 10-3 

: 

4.35 x 10-5 

450 7 . 3 2 ~  la7 
lo00 l.00x 106 
90 4.83 x 1012 
60 2.07 x 104 
600 4 . 0 0 ~  lo0 

100 1.12 x lo2 
850 2.69 x 10' 
700 1.64 x 10' 
990 8.61 x 103 
lo00 1.08 x lo1 
lo00 5.71 x lo2 

170 1 . 5 0 ~  lo3 

450 
0 

260 
40 
410 

100 
lo00 
340 
530 
lo00 
lo00 

160 

6.53 x lod 
2.0 x 10' 

2.34 x 10" 
1.43 x lo-' 
3.52 x 10' 

1.43 x 10-3 
3.47 x loo 
7.33 x lo2 
6.02 x 102 
1.90 x 10' 
7.11 x lo3 

4.31 x lod 

0 
lo00 
310 
80 

0 

550 
50 
410 
lo00 
800 
lo00 



TABLE H.I-8 
(Continued) 

FEMP FEMP 
sowc 
Coll 1 

Production Production sowc 
COll 1 

(43,7591) (43,75,5) (101,38,1) (101,38,5) 
Receptor Location: Well Well 

COC Conc. (pg/L) Time Conc. (pg/L) Time Conc. (&L) Time Conc. (pg/L) Time 
Radionuclides 
Np-237 
Ra-226 
Sr-90 
Tc-99 

Inorganics 
Antimony 
Arsenic 
Boron 
Magnesium 
Manganese 
' Mercury 
Uranium-Total 

Organics 
Alpha-Chlordane 

6.79 x 106 
6.00 x 1 0 " O  
2.02 x 1 0 ' O  
3.41 x lo4 

6.68 x lo-' 
1.01 x 10' 
6.83 x 100 
1.06x 104 
6.05 x 10' 
7.14 x 10' 
5.79 x loo 

5.95 x I O 6  

40 
lo00 
170 
30 

0 
250 
180 
260 
800 
610 
0 

110 

7 . ~ x  1 0 7  
6.70 x 10"' 
9.93 x 10'' 
8.10 x lo5 

1.86 x 10' 
9.90 x lo3 
4.90 x 10' 
2.07 x 10' 
1.95 x (le 
1.54 x 10' 
2.91 x 100 

1.23 x 10' 

160 1.48 x 10' 
lo00 3.50 x lo3' 
240 3.73 x 1015 
30 6 . 6 0 ~  lo6 

0 5.30 x lo4 
io00 5.38 x 10-5 
630 2.94 x lo-' 
970 1.81 x 102 
0 + 8.73 x lo-' 

lo00 1.01 x lo4 
30 9.48 x lo-' 

130 3 . 6 0 ~  10'' 

870 
lo00 
420 
70 

800 
lo00 
580 
lo00 
100 
lo00 
590 

220 

2.18 x lo'* 
3 . 7 0 ~  10'' 
5.36 x 10" 
9.87 x 106 

7.99 x 104 
8 . 6 0 ~  lo5 
4.33 x lo-' 
2.66 x 10' 
1.21 x loo 
1.44 x lo4 
1.41 x 10' 

5.32 x l o 5  

880 
lo00 
420 
70 

850 
lo00 
580 
lo00 
100 
loo0 
590 

220 



TABLE H.I-8 
(Continued) 

.- - .  . .. . 
i ; .  

,$,... ... . 
. .  
- .  
I -  

--> : ./-. 
Strickers 

sowc sowc Grove N.E. 
Receptor Location: COll 2 Coll2 Well Recept. 

(108,52,1) ( 10832 ,5) (87,449 1) (90,919 1) 
COC Conc. bg/L) Time Conc. (pglL) Time Conc. (pg/L) Time Conc. bg/L) Time 

Radionuclides 
Np-237 
Ra-226 
Sr-90 
TC-99 

Inorganics 
Antimony 
Arsenic 
Boron 
Magnesium 
Manganese 

Uranium-Total 
' Mercury 

Organics 
Alpha-Chlordane 

8.19 x 10' 
6.80 x 1W" 
1.53 x lOI3 
5.58 x 10' 

1.58 x lo3 
8.13 x 18' 
5.36 x 100 
1.35 x 103 
5.51 x 100 
9.75 x 10-4 
1.73 x 100 

1.50 x 10-4 

660 1 . 1 4 ~  lo7 
lo00 1.20 x 1 P  
160 1.82 x loL3 
70 7 . a x  105 

150 2.19 x lo3 
1000 1.10 x lo-] 
850 7.36 x 10" 
1000 1.85 x 10' 
150 8.10 x 1001 
lo00 1.29 x 103 
770 2.33 x 10'' 

200 2.10 x 104 

670 3.06 x l a7  
lo00 1 . 8 0 ~  10% 
160 1.38 x lW3 
80 1.26 x lol  

150 9 . 9 0 ~  lo3 
lo00 3.32 x lo4 
850 6.12 x 10" 
lo00 3 . 7 6 ~  10' 
150 12.34 x 10' 
io00 3.93 x 1 0 3  
780 1.85 x 10" 

200 7.21 x lo4 

820 
lo00 
380 
70 

900 
1000 
550 
lo00 
1000 
lo00 
560 

210 

1.07 x 10" 

3:71 x lo'* 
1.23 x lo4 

4.50 x 1 0 3 5  

1.68 x lo5 
2.57 x lo" 
3.48 x 10' 
4.49 x lV 
2.67 x 
2.80 x lo4 
4.45 x loo 

1.62 x lo8 

7 10 
lo00 
370 
60 

150 
lo00 
670 
lo00 
lo00 
lo00 
790 

;a 

uz1 
q &  

1000 z s  
$ k  

-; \o f 
P 



TABLE H.1-9 
GROUNDWATER RECEPTOR CONCENTRATIONS AT TIME OF MAXIMUM CONCENTRATION OF TOTAL URANIUM 

Receptor Location: Well 12 Well 12 Well 13 Well 34 Well 2071 Well 21 19 Well 2127 Well 14 

(Grid) (28,46,1) (28,46,2) (39,44.1) (59,38,1) (5.1 1,l) (85,66,1) (73,52,1) (5,6,1) 

0 0 20 430 0 600 410 0 Time (year): 

COC 

Radionuclides &/I,) 

Np-237 

Ra-226 

Sr-90 

Tc-99 

2.180 x 106 1.390 x lod 1.022 x lo7 1.837 x 106 4.390 x 106 5.477 x 1oB 

6.090 x 7.510 x loi6 4.324 x lo'" 3.942 x lo9 0.00 0.00 
0.00 0.00 2.065 x lo-" 1.180 x 10'O 0.00 3.911 x 10" 

2.100 x 106 2.470 x lod 9.850.~ l@ 3.890 x lo* 1.110 x 10' 2.460 x 10' 

6.939 x 10' 

7.671 x lo7 0.00 

4.756 x 10'' 0.00 

1.465 x 104 9.010 x 107 

6.530 x 106 

Inorganics (CCgL) 

Antimony 

Arsenic 

Boron 

Magnesium 

Manganese 

' Mercury 

Uranium-Total 

Organics (pg/L) 

Alpha-Chlordane 

3.430 x lo3 4.030 x lo3 4.781 x 10' 5.874 x 10' 8.080 x 10' 6.927 x lo '  

1.070 x 10' '5.920 x 16-' 1.560 x lod 2.082 x l a 3  7.450 x 10' 2.686 x lo'' 

0.00 0.00 6.300 x 10' 2.453 x 10' 0.00 9.496 x 100 

0.00 0.00 6.690 x 10' 1.395 x lo4 0.00 1.052 x 10' 
2 . 2 5 0 ~  10' 5 . 0 5 0 ~  10' 6.420 x 10' 3 . 3 3 2 ~  10' 1 . 6 6 0 ~  10" 6.378 x 10' 

0.00 1.992 x lo" 

1.820 x 10' 2.740 x 100 9.020 x 100 7.442 x 100 7.920 x 10' 5.606 x 10' 

0.00 0.00 2.656 x 8.786 x 10' 

0.00 6 . 7 1 0 ~  10" 0.00 0.00 5.192 x 10.' 2.594 x lo4 

1.079 x 10' 

1.265 x 10' 

1.087 x 10' 0.00 

5.144 x 103 0.00 

3.367 x 10' 

2.461 x lo3 0.00 

3.998 x 100 

4.060 x lo '  

1.050 x 100 

1.610 x 108 

3.520 x 10' 

2.158 x 10' 0.00 



TABLE H.1-9 
(Continued) 

FEMP FEMP Stricken 
Receptor Location: Production Production sowc ' sowc sowc sowc Grove NE 

(Grid) Well Well Coll 1 Coll 1 coll 2 coll 2 Well Recept. 

(43,75,1) (43,753 (101,38,1) (101,38,5) (108,52,1) (108,523) (87,44,1) (90,91,1) 

Time (Years): 0 30 590 590 770 780 560 790 

COC 

Radionuclides (IrgIL) 

Np-237 

Ra-226 

SI-90 

TC-99 

Inorganics (IrgIL) 

Antimony 

Arsenic 

Boron 

,Magnesium 

Manganese 

Mercury 

Uranium-Total 

5.790 x is 2.592 x 108 

0.00 1.393 x 1017 

0.00 1.185 x loi4 
2.020 x 105 8.100 x 105 

6.680 x 10' 

3.670 x lo8 
1.246 x 10' 

1.590 x lo9 
0.00 3.586 x 10' 

0.00 2.475 x lg' 

1.793 x 102 6.290 x 10' 

0.00 3.706 x 1015 

5 . 7 9 0 ~  1 6  2 . 9 1 0 ~  1Q" 

0.00 4.176 x lo-'' 

4.054 x l a9  

0.00 

3.710 x 1 O I 5  

5.399 x lob 

5.287 x lo4 

1.373 x lo7 

2.930 x 10' 

1.944 x 10' 

1.548 x 10' 

4.550 x lo7 

9.478 x 10' 

1.604 x 10' 

5.760 x l a9  7.000 x le 9.598 x 108 9.026 x 108 9.868 x 10" 

0.00 0.00 0.00 0.00 0.00 

5.334 x la" 1.894 x lot4 2.609 x 1014 1.371 x 2.358 x 10" 

8.081 x lob 2.400 x lo' 3.338 x lo5 1.027 x lo-' 5.843 x 106 

7.969 x la4 1.387 x lo3 1.952 x lo" .9.884 x lo3 8.334 x la7 
2.433 x lo7 1.354 x lo2 2.003 x 10' 6.316 x 10* 1.139 x lo-* 

q.325 x 10' $678 x 100 6.588 x 1 6  6.097 x 100 2.024 x 10' 

2.768 x 10' 9.383 x 102 1.303 x lo) 4.198 x le 8.661 x 102 

2.219 x 10' 1.027 x 10' 1.257 x 10' 1.815 x 10' 3.414 x lo3 
6.516 x lo7 2.788 x lo-' 3.703 x lo-* 1.926 x lo5 6.914 x 10' 

1.409 x 10' 1.731 x 16 2.325 x 1 6  1.853 x 16 4.453 x 10' 

2.440 x lob 1.964 x lob 2.805 x lob 2.929 x lo5 5.937 x lolo 

ri 
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Neptunium - 237 

CRU 5 FS 
Initial Mass and Concentration 

2 

mgn 
llday 

Compound Type 
Kd Vadose 1 
Kd Vadose 2 
Rd Vadose 1 
Rd Vadose 2 
Screening Level 
Lambda 

Rad 
5.50E t 01 
5.00Et00 
6.03E to2 
4.65E+01 
l.llE-06 
8.87E- 10 

Surface Water Loading (Kglyr) CD DE EF SSOD 

0.00Et00 O.OOE t 00 O.OOE t 00 O.OOE + 00 

WPAOUl 
WPAOU4 
Solid Waste Landfill 1 Active Flyash Pile 
Lime Sludge Ponds 
South Field and Inactive Flyash Pile 
Perched Water 
Disposal Cell 

Mass 
(mg) 

0.00Ei-00 
O.OOE t 00 
0.00Et00 
0.00Et00 
0.00Ei-00 
0.00Et00 
0.00E+00 
5.89Et06 

c o  
(mgn) 
0.00Et00 
O.OOE t 00 
0.00Et00 
O.OOE t 00 
O.OOE t 00 
0.00Et00 
O.OOE t 00 
2.64E-05 



Radium -226 
CRU 5 FS 

Initial Mass and Concentration 

Compound Type 
Kd Vadose 1 
Kd Vadose 2 
Rd Vadose 1 
Rd Vadose 2 
Screening Level 
Lambda 

Rad 
6.96E.t 02 
1.06Ei-02 
7.62EtO3 
9.65Et02 
O.OOE t 00 
1.19E-06 

5 

Surface Water Loading (Kg/yr) 

WPAOUl 
WPAOU4 
Solid Waste Landfill 
Active Flyash Pile 
Lime Sludge Ponds 
South Field and Inactive Ryash Pile 
Perched Water 
Disposal Cell 

CD 

O.OOE t 00 

Mass 
(mg) 

0.00E+00 

0.00E+00 
0.00Et00 

O.OOE t 00 
0.00Et00 

O.OOE t 00 

O.OOE t 00 
0.00Et00 

DE 

0.00Et00 

0.00E+00 

0.00Et00 
0.00E+00 
O.OOE t 00 
O.OOEt00 

0.00E+00 

0.00Et00 

0.00Et00 

EF 

2.50E- 11 

SSOD 

1.12E-09 



Strontium-90 
CRU 5 FS 

Initial Mass and Concentration 

Compound Type Rad 

Rd Vadose 1 l.llE+02 

Lambda 6.64E-05 l/day 

Kd Vadose 1 1.00E+01 d g  
Kd Vadose 2 2.50E t 00 d g  

Screening Level 2.26E- 11 mgn 
Rd Vadose 2 2.37E t 01 

8 ‘  6349  

Surface Water Loading (Kglyr) 

WPAOUl 
WPAOU4 
Solid Waste Landfill 

Lime Sludge Ponds 
South Field and Inactive Flyash Pile 
Perched Water 
Disposal Cell 

B Active Flyash Pile 

CD 

3.37E-09 

Mass 
(mg) 

0.00Et00 
O.OOE t 00 

O.OOE t 00 
O.OOE t 00 
0.00E+00 
0.00Et00 
1.12Et 02 

0.00Ei-00 

DE EF SSOD 

1.38E-09 2.46E- 10 5.S9E-09 

c o  
(mg/L) 

O.OOE t 00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
2.77E - 09 

T. 

. , .* .... 

.. ..- 

.. 1.1 

..... 
... . 

e -  

. .. . 



Technetium -99 
CRU 5 FS 

Initial Mass and Concentration 

9 

Compound Type Rad 

Rd Vadose 1 2.29E+00 
Rd Vadose 2 1.64E+00 

Lambda 8.92E-09 llday 

Kd Vadose 1 1.18E-01 d g  
Kd Vadose 2 7.00E-02 d g  

Screening Level 4.25E-06 mg/l 

Surface Water Loading (Kg/yr) CD 

WPAOUl 
WPAOU4 
Solid Waste Landfill 
Active Flyash Pile 
Lime Sludge Ponds 
South Field and Inactive Flyash Pile 
Perched Water 
Disposal Cell 

1.14E-(n 

Mass 
(mg) 

0.00Et00 
0.00Et00 
0.00Et00 
O.OOE t 00 
0.00Et00 
O.OOE t 00 
0.00Et00 
4.06E t 05 

DE EF 'SSOD 

4.16E-04 3.33E-05 0.00Ei-00 

c o  
(mgn) 
0.00Et00 
O.OOE t 00 
O.OOE t 00 
O.OOE t 00 
O.OOE t 00 
0.00Et00 
O.OOE t 00 
3.33E-06 



613 4 9 
Uranium-Total 

CRU 5 FS 
Initial Mass and Concentration 

Sensitivity Analysis - 5 

Compound Type Rad 
Kd Vadose 1 1.50E t 01 d g  
Kd Vadose 2 1.78Et00 d g  

Screening Level 2.m-02 mg/l 

Rd Vadose 1 1.65Et02 
Rd Vadose 2 1.72E t 01 

Lambda 4.25E-L? llday 

15 

Surface Water Loading (Kg/yr) CD DE EF SSOD 

2.77E-01 2.02E-01 2.45E-02 3.73E-01 

... I 
. ... 

.... 

-., 
. .I . 

WPAOUl 
WPAOU4 
Solid Waste Landfill 
Active Flyash Pile 
Lime Sludge Ponds 
South Field and Inactive Flyash Pile 
Perched Water 
Disposal Cell 

Mass 
(mg) 

O.OOE t 00 
0.00Et00 
1.34Et08 
4.73Et06 
1.95Et07 
1.55Et08 
2.85Et06 
4.06Et 11 

c o  
(mg/L) 

O.OOE t 00 
0.00Et00 
1.98E - 03 
1.98E-02 
2.08E-03 
4.17E-06 
1.19E -01 
6.67E t 00 



v - .  
' 2  * 

Lt '.I ' . .  
Antimony 

CRU 5 FS 
Initial Mass and Concentration 

94 

Compound Type Inorg 

Rd Vadose 1 2.74E t 03 
Rd Vadose 2 4.10E t 02 

Kd Vadose 1 2.50Ei-02 ma 
Kd Vadose 2 4.50Et01 d g  

Screening Level 1.50E-03 mg/l 
Lambda 1 .OOE- 50 llday 

Surface Water Loading (Kg/yr) CD DE EF SSOD 

6.31E-02 2.92E-02 3.95E-03 6.41E-02 

WPAOUl 
WPAOU4 
Solid Waste Landfill 
Active Flyash Pile 
Lime Sludge Ponds 
South Field and Inactive Flyash Pile 
Perched Water 
Disposal Cell 

O.OOE t 00 
O.OOE t 00 
O.OOE t 00 
0.00E+00 
0.00Et00 
O.OOE t 00 
O.00E t 00 
0.00Et00 

0.00Et00 
0.00Et00 
O.00E t 00 
0.00Et00 
0.00Et00 
O.OOE t 00 
0.00Et00 
0.00Et00 



Arsenic 
CRU 5 FS 

Initial Mass and Concentration 

Compound Type Inorg 

Rd Vadose 1 2.19E+03 
Rd Vadose 2 1.82E t03 

Kd Vadose 1 2.00E t 02 fig 
Kd Vadose 2 2.00E + 02 d g  

Screening Level 4.90E-06 mgn 
Lambda 1.00E-50 Way 

95 
6.3 4 9 

Surface Water Loading (Kglyr) CD DE EF SSOD 

3.50E-01 1.95E-01 3.35E-02 7.27E-01 

WPAOUl 
WPAOU4 
Solid Waste Landfill 
Active Flyash Pile 
Lime Sludge Ponds 
South Field and Inactive Flyash Pile 
Perched Water 
Disposal Cell 

Mass 

0.00Et00 
O.OOE t 00 
0.00Et00 
0.00Et00 
O.OOE t 00 
O.OOE t 00 
0.00Et00 
0.00Et00 

(mg) 
c o  

(m@> 

O.OOE t 00 
O.OOE t 00 
0.00Et00 
0.00Et00 
O.OOE t 00 
O.00E t 00 
O.OOE t 00 
0.00Et00 

~. : 
" i f  

... i t  



Boron 
CRU 5 FS 

Initial Mass and Concentration 

119 

Compound Type lnorg 

Rd Vadose 1 3.39E+O1 
Rd Vadose 2 2.83E+Ol 

Kd Vadose 1 3.00E+00 m a  
Kd Vadose 2 3.00E+00 fig 

Screening Level 3.26E-01 mu1 
Lambda 1.00E-50 llday 

Surface Water Loading (Kglyr) 

WPAOUl 
WPAOU4 
Solid Waste Landfill 
Active Flyash Pile 
Lime Sludge Ponds 
South Field and Inactive Flyash Pile 
Perched Water 
Disposal Cell 

CD 

0.00E+00 

Mass 
(mg) 

0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 

0.00E+00 
O.OOE t 00 

5.56E+ 10 

DE EF SSOD 

co 
(mgn) 

O.OOE + 00 
0.00E+00 

0.00E+00 

0.00E+00 

0.00E+00 

0.00E+00 



Chromium (Hex) 
CRU 5 FS 

Initial Mass and Concentration 

140 6349  

Compound Type Inorg 

Rd Vadose 1 4.06Et02 
Rd Vadose 2 3.46Et01 

Lambda 1.00E-50 llday 

Kd Vadose 1 3.70E t 01 d g  
Kd Vadose 2 3.70Et00 d g  

Screening Level 2.22E-02 mg/l 

..I.. 

Surface Water Loading (Kg/yr) 

WPAOUl 
WPAOU4 
Solid Waste Landfill 

Lime Sludge Ponds 
South Field and Inactive Flyash Pile 
Perched Water 
Disposal Cell 

B Active Flyash Pile 

I . , . . ,  (" .:',," 
.~,: ' , t ! , s ' , -  .+.'; .,,. *.:._ :::, .; . . . . 

CD 

0.00E+00 

Mass 
(mg) 

0.00Et00 
O.OOE t 00 
O.OOE t 00 
O.OOE t 00 
O.OOE t 00 
0.00E+00 
0.00E+00 
1.27E t 10 

DE EF SSOD 

0.00Et00 0.00Et00 0.00Et00 

co  
(mgn) 

0.00Et00 
O.OOE t 00 
0.00Et00 ' 

0.00Et00 
O.OOE t 00 
O.OOE t 00 
0.00E+00 
8.43E-02 

OQC38.S 



Magnesium 
CRU 5 FS 

Initial Mass and Concentration 

Compound Type 
Kd Vadose 1 
Kd Vadose 2 
Rd Vadose 1 
Rd Vadose 2 
Screening Level 
Lambda 

horg  
4.50Et00 
4.50E+00 
5.03E t 01 
4.19E+01 
3.52E+01 
1.00E-50 

106 

Surface Water Loading (Kg/yr) 

WPAOUl 
WPAOU4 
Solid Waste Landfill 

. Active Flyash Pile 
Lime Sludge Ponds 
South Field and Inactive Flyash Pile 
Perched Water 
Disposal Cell 

CD 

2.78E t 04 

Mass 
(mg> 

0.00Et00 

0.00Et00 
0.00E+00 
0.00Et00 
O.OOE t 00 

1.07Et 14 

O.OOE t 00 

0.00E+00 

DE EF 

c o  
(m&> 

O.OOE + 00 
0.00E-t-00 
0.00Et00 
0.00E+00 
0.00E+00 
O.00E t 00 
0.00E+00 
5.87Ei-03 

SSOD 

1.21Et04 



Manganese 
CRU 5 FS 

Initial Mass and Concentration 

Waste Waste Cons ti tuen t Constituent Kd based Initial 
Area Area concentration Mass per Block Concentration 

Number (mgn<g) (mp) (mgil) 

Compound Type 
Kd Vadose 1 
Kd Vadose 2 
Rd Vadose 1 
Rd Vadose 2 
Screening Level 
Lambda 

Kd Layer 1 

(mUd 

Inorg 
1.80Et02 
5.00Et01 
1.97Et0.3 
4.56Bi-02 
1.80E-02 
1.00E-50 

107 
6349 

mgll 
llday 

Surface Water Loading (Kglyr) 

WPAOUl 
WPAOU4 
Solid Waste Landfill 

Lime Sludge Ponds 
South Field and Inactive Flyash Pile 
Perched Water 

Active Flyash Pile 

Disposal Cell . .  

CD 

3.55Et 01 

Mass 
(mg) 

0.00E+00 
0.00Ei-00 
0.00Et00 
0.00Et00 
O.OOE t 00 
0.00Et00 
0.00Ei-00 
O.OOE to0 

DE 

2.64E t 01 

c o  
( m f m  

O.OOE t 00 
O.OOE t 00 
0.00Et00 
0.00E+00 
0.00E+00 
0.00Et00 
O.OOE t 00 
0.00E+00 

EF 

4.27EtoO 

SSOD 

S.73E t 01 



Mercury 
CRU 5 FS 

Initial Mass and Concentration 

108 

Compound Type horg 

Rd Vadose 1 1.11E+02 
Rd Vadose 2 9.19Et01 

Lambda 1.00E- 50 llday 

Kd Vadose 1 1.00Et01 fig 
Kd Vadose 2 1.00E+01 d g  

Screening Level 1.58E-04 mg/l 

Surface Water Loading (Kg/y~) CD DE EF SSOD 

1.44E-01 2.73E-02 6.23E-01 2.31E-01 

WPAOUl 
WPAOU4 
Solid Waste Landfill 
Active Flyash Pile 
Lime Sludge Ponds 
South Field and Inactive Flyash Pile 
Perched Water 
Disposal Cell 

M a  
(mg> 

O.OOE t 00 
0.00E+00 

0.00E+00 
0.00E+00 
O.OOE t 00 
0.00Et00 
2.21E+09 

0.00Et00 

c o  
(mgn) 

0.00Et00 
O.OOE t 00 
0.00Et00 
0.00E+00 
0.00Et00 
O.OOE t 00 
O.OOE t 00 
5.44E-02 

Q,cc2m 1 

, 



Alpha- chlordane 
CRU 5 FS 

Initial Mass and Concentration 

Waste Waste 
Area Area 

Number 

80 

Cons ti tuen t Constituent Kd based Initial Kd Layer 1 
Concentration Mass per Block Concentration 

(mejkg) (mg) ( m g )  ( m v 4 )  

6349 

Compound Type Org-P 

Rd Vadose 1 

Kd Vadose 1 3.34E+00 Wg 

Screening Level 4.51E-05 md1 

Kd Vadose 2 6.3 1 E-01 
3.76E t 01 

Rd Vadose 2 6.73E+00 

Lambda 1.00E-51 May 

Surface Water Loading (Kdyr) CD DE EF SSOD 

0.00E+00 0.00E+00 9.98E-06 4.46E-04 

WPAOUl 
WPAOU4 
Solid Waste Landfill 
Active Flyash Pile 
Lime Sludge Ponds 
South Field and Inactive Flyash Pile 
Perched Water 

0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
O.OOE t 00 
0.00E+00 
4.18E-05 

' 7 - .  



B i s (2 - c h lo ro is0 prop y I) et h e 
CRU 5 FS 

Initial Mass and Concentration 

131 

Compound Type 
Kd Vadose 1 
Kd Vadose 2 
Rd Vadose 1 
Rd Vadose 2 
Screening Level 
Lambda 

Org 
6.99E-01 
1.32E-01 
8.65E+00 
2.20E+00 
1.63E-03 
1.00E-50 

mg/l 
llday 

Surface Water Loading (Kdyr) 

WPAOUl 
WPAOU4 
Solid Waste Landfill 
Active Flyash Pile 
Lime Sludge Ponds 
South Field and Inactive Flyash Pile 
Perched Water 
Disposal Cell 

CD 

0.00E+00 

Mass 
(mg) 

0.00Et00 
0.00E+00 
0.00E+00 
O.OOE t 00 
O.OOE t 00 
0.00E+00 
0.00E+00 
1.97E t 07 

DE EF 

O.OOE t 00 0.00E+00 

co  
(mgn) 

0.00E+00 
O.OOE t 00 
0.00Et00 
0.00Et00 
0.00Et00 
O.OOE t 00 
0.00E+00 
7.12E- 03 

occ1892 

SSOD 

0.00Et00 



Bromodichloromethane 
CRU 5 FS 

Initial Mass and Concentration 

. 6349 
132 

Compound Type Or1 
Kd Vadose 1 4.21E-01 d g  
Kd Vadose 2 7.94E-02 d g  

Screening Level 4.01E-03 mgn 
Lambda 1 .OOE - 50 Way 

Rd Vadose 1 5.61Et00 
Rd Vadose 2 1.72Et00 

."I.. 

..".. 

.. . 
_.. .. 

Surface Water Loading (Kg/yr) CD DE EF SSOD 

O.OOE t 00 0.00Et00 0.00E+00 0.00Et00 

WPAOUl 
WPAOU4 
Solid Waste Landfill 
Active Flyash Pile 
Lime Sludge Ponds 
South Field and Inactive Flyash Pile 
Perched Water 
Disposal Cell 

0.00Et00 
0.00Et00 
O.OOE t 00 
O.OOE t 00 
O.OOE t 00 
O.OOE t 00 
0.00Et00 
9.42EtM 

c o  
( m k m  

0.00Et00 

0.00Et00 

O.OOE to0 
O.OOE t 00 

O.OOE t 00 
0.00Et00 
O.OOE t 00 
5.67E-03 



Carbazole 
CRU 5 FS 

Initial Mass and Concentration 

Compound Type 
Kd Vadose 1 
Kd Vadose 2 
Rd Vadose 1 
Rd Vadose 2 
Screening Level 
Lambda 

Org-S 
1.08E+01 
2.04E+00 
1.19E+02 
1.95E+01 
1.14E-02 
1.00E-50 

75 

Surface Water Loading (Kglyr) 

WPAOUl 
WPAOU4 
Solid Waste Landfill 
Active Flyash Pile 
Lime Sludge Ponds 
South Field and Inactive Flyash Pile 
Perched Water 
Disposal Cell 

CD 

O.OOE t 00 

Mass 
(mg) 

0.00E+00 
0.00E+00 
0.00Ei-00 
0.00E+00 

0.00E+00 
0.00E+00 
2.47E+08 

0.00E+00 

DE 

0. OOE + 00 

J 3  

O.OOE t 00 

SSOD 

0.00E+al 

. .  



1,2-dichloroethane 
CRU 5 FS 

Initial Mass and Concentration 

PAE 23 0.OOOE t 00 O.OOOE+OO 0.000E+00 1.56E -01 
0.000E + 00 1.56E-01 

PAG 25 0.OOOEtOO 0.OOOE t 00 O.OOOE+OO 1.56E-01 
PAH 26 O.OOOE+OO 0.0OOEtOO 0.000E+00 1.56E-01. 
PAI 27 0.000Et00 0. OOOE + 00 0. OOOE + 00 1.56E-01 

WPAA 28 0.000EtOO 0.000Et00 0. OOOE + 00 1.56E-01 

PAF 24 0.000E t 00 0.OOOE t 00 

. -  

120 

6349 

Compound Type Org 
Kd Vadose 1 1.56E-01 d g  
Kd Vadose 2 2.95E-02 Wg 

Screening Level 7.85E - 04 mg/' 

Rd Vadose 1 2.71E+00 
Rd Vadose 2 1.27E + 00 

Lambda 9.50E-04 llday 

Surface Water Loading (Kgyr) CD DE E?? SSOD 

0.00Et00 O.OOE t 00 O.OOE to0  0.00E+00 

WPAOUl 
WPAOU4 
Solid Waste Landfill 
Active Flyash Pile 
Lime Sludge Ponds 
South Field and Inactive Flyash Pile 
Perched Water 
DisposalCell . . .. , i .  . . . : ' ; . . , I  j . '  

.'>;,.'. . _  ).,, t; ! v . 

0.00Et00 

0.00Et00 

0.00Et00 
O.OOE t 00 

O.OOE t 00 
O.OOE t 00 
0.00Et00 
9.30Ei-06 

O.OOE t 00 
0.00E+00 
0.00Et00 
0.00Et00 
0.00E+00 
0.00Et00 
0.00Et00 
1.51E-02 

.. I. 

. . I, 

-. . 

. .. 



4- nitroaniline 
CRU 5 FS 

Initial Mass and Concentration 

CompoundType Org 
Kd Vadose 1 1.36E-01 fig 
Kd Vadose 2 2.56E-02 d g  

Screening Level 1.52E-02 mdl 

Rd Vadose 1 2.49Et00 
Rd Vadose 2 1.23Et00 

Lambda 1.00E- 50 llday 

129 

Surface Water Loading (Kdyr) CD 

O.OOE t 00 

Mass 
(mg> 

WPAOUl 
WPAOU4 
Solid Waste Landfill 
Active Flyash Pile 
Lime Sludge Ponds 
South Field and Inactive Flyash Pile 
Perched Water 
Disposal Cell 

0.00Et00 
0.00Et00 
0.00Et00 
0.00Et00 

O.OOE t 00 
0.00Et00 

0.00Et00 
1.13Et06 

DE 

0.00Et00 

c o  
( m a )  

O.OOE t 00 
O.OOE t 00 
O.OOE t 00 
0.00Et00 
0.00Et00 
0.00Ei-00 
0.00Et00 

EF 

0.00E+00 

SSOD 

0.00E+00 
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I. 
I H.11 AIR TRANSPORT MODELING 

2 

3 

4 

5 

6 

7 

8 

9 

IO 

11 

12 

13 

14 

IS 

16 - 

This attachment presents the approach, methodology, and results of the CRARE air transport analysis. 
The objective of this analysis was to determine the maximum on-property, fenceline, and off-property 
annual average ground-level air concentrations of contaminants released to the atmosphere from the 

I 
remediated FEMP. These concentrations were used for the CRARE residual risk assessment. 

The analysis was conducted in accordance with EPA guidance (RAGS, EPA 1989a). 
models and an air dispersion model were used to estimate air emissions from each source and to 
calculate annual average concentrations at several preselected receptor locations. 
predicted the quantity of exposed soil that would be resuspended by the wind, and the other emission 
model estimated the flux of Rn-222 gas from soil containing Ra-226. Particulate-phase contaminants 

Two emission 

: 

~ 

One emission model 

examined include radionuclides, inorganic compounds, and semivolatile and nonvolatile organic 
compounds. The air dispersion model accounted for dispersion and dilution of the contaminants 
under defined site-specific meteorological conditions, such as wind speed and direction, atmospheric 
stability, and mixing height. All meteorological data were collected from an on-property 
meteorological station, except mixing heights, which are from the National Weather Service in 

' Dayton, Ohio. 

Five major steps were required to achieve the objective of this analysis: 

Scenarios for the air transport analysis were defined. 

Sources of air emissions and contaminants released were identified based on site-specific 
information. 

The appropriate EPA regulatory air dispersion model was selected which best 
represented the site characteristics and the objective of the analysis. 

Particulate or gaseous air emissions were estimated from site-specific soil contaminant 
concentrations, and additional inputs to the model such as meteorological data and 
receptor locations were determined. 

Results of the air dispersion model were processed to determine the maximum on- and 
off-property annual average concentration for receptor exposures. 

Figure H.11-1 presents the sequence of these steps and the sections below that describe them. 

Throughout the analysis, site-specific data were used where available. When such data were not 
available, conservative assumptions were made. Regulatory default options and values were used 
where applicable in the air emission and dispersion models. The intent of the assumptions was to 

0 
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DEFINE MODELING 
SCENARIOS 

(Section H.II-1) 

ESTIMATE EMISSION 
RATE OF 

CONTAMINANTS 
(Section H.II4 & H I - 5 )  

SELECT 
METEOROLOGICAL 

DATA 
(Section H.II-6) 

DETERMINE SOURCES 
AND CONTAMINANTS 

(Section H.II-2) 

SELECT RECEPTOR 
FOR EXPOSURE 

ESTIMATES 
(Section H I - 7 )  

- 
AIR DISPERSION 

MODELING 
(Section H I - 9 )  - SELECT OTHER 

INPUT DATA 
(Section H.II-8) 

SELECT AIR 
DISPERSION MODEL 

(Section H.II-3) 

RESIDUAL RISK 
ASSESSMENT T 

FIGURE H.11-1. 
SEQUENTIAL BLOCK DIAGRAM OF AIR TRANSPORT ANALYSIS 



6349 
FEMP-OSFS-4 DRAFT 

November 14, 1994 

make the results conservative and relevant to the site so that the risk associated with the air exposure 
pathway would not be underestimated. 

H.II.1 SOU RCE TERM ASSUMPTIONS FOR AIR TRANSPORT ANALYSIS 
The air pathway fate and transport analysis was conducted assuming that exposed soil contaminant 
concentrations were less than or equal to the PRLs for a recreational user in an undeveloped park. 
The PRL value for each COC was developed to meet an ILCR of IO6 or an HQ of 0.2, above 
background. 

Several assumptions were made to develop source term emission rates for each operable unit. From 
the air transport analysis previously performed for the Operable Unit 4 CRARE (DOE 1993a), one 
can determine that no significant emissions occur from the disposal facilities or capped/covered areas, 
compared to emissions from exposed soil with residual contamination. Therefore, no air emission 
source terms were included for contaminants beneath the Operable Unit 1 cover or the disposal cell 
cap. The erosion of caps and cover soils caused by wind is less than 4 inches over the 1000-year 
period. This erosion rate is based on the total suspended particulate matter emission rate determined 
in Section H.II.4 and an assumed soil density of 1.5 g/cm3. Combined with the erosion rate from 
surface water runoff, the total loss of caps and cover soils would not cause exposure of the 
contaminated layers in these areas. 

Particulate matter and radon emissions were estimated for exposed soil in Operable Units 1, 2, 4, 
and 5. The materials and soil imported for cap layers and cover soil were assumed to be 
uncontaminated and would have contaminant concentrations at background levels. All excavated areas 
were assumed to be backfilled. The contaminant concentrations in these areas were also assumed to 
be at background levels. Statistical analyses were conducted on the samples remaining in the 
unexcavated areas. The results of the statistical analyses were used to characterize soil concentrations 
in the areas that were not excavated. 

For this CRARE, the residual concentrations of uranium isotopes and total uranium were based on the 
average uranium composition on the site and the residual U-238 concentration in each source area. 
The approximate compositions are 0.00896, 0.685, 0.0093, and 99.3 percent (by weight) of U-234, 
U-235, U-236, and U-238, respectively. 

H.II.2 SOU RCE GROUPS 
All emission sources considered for this study were analyzed as ground-level area sources. For this 
CRARE, 1306 square area sources were analyzed, covering on-property FEMP soils. These 
individual sources range in size from 2500 to 160,000 square feet. The emission sources included the 
exposed soils in Operable Units 1, 2, 4, and 5. To analyze emission impacts, 1306 area sources were 

i 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 - . 
17 

18 

19 

x) 

21 

12 

13 

24 

25 

26 

21 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

. .  

FER\CRUSV\PXS\APP-H\H-mllllO/W,lt:28~; . *.. , , . H-11-3 



FEMP-OSFS-4 DRAm 
November 14, 1994 

evaluated in 37 source groups. All sources within a given source group were assumed to have 
identical contaminant emission rates. Figure H.11-2 shows the source group locations and sizes used 
in the air dispersion model for areas associated with Operable Units 1 through 5. The 1306 area 
sources were combined into the following source groups: 

Former Production Area - Sources 
e 

e 

e 

e 

e 

e 

e 

e 

e 

e 
e 

e 

e 

e 

e 

e 

e 

PAa (8 sources) 
PAb (16 sources) 
PAC (10 sources) 
PAd (5 sources) 
PAe (15 sources) 
PAf (15 sources) 
PAg (10 sources) 
PAh (61 sources) 
PAi (43 sources) 
Waste Pits (8 sources) 
Active Flyash Pile (83 sources) 
South Field/Inactive Flyash Pile 
(278 sources) 
Solid Waste Landfill (4 sources) 
Lime Sludge Ponds (4 sources) 
OU4 Surface Soil (10 sources) 
FEMP Northeast Corner - East 
(36 sources) 
FEMP Northeast Corner - North 
(14 sources) 

OU5 Surface Area - Sources 
560a (108 sources) 
560b (51 sources) 
560c (8 sources) 
560d (5 sources) 
570a-North (37 sources) 
570a-South (1 8 sources) 
570b (14 sources) 
570c (6 sources) 
570d (18 sources) 
570e (22 sources) 
575a (56 sources) 
575b (1 1 sources) 
580a (27 sources) 
581a (140 sources) 
581b (75 sources) 
581c (34 sources) 
581d (12 sources) 
582a (62 sources) 
582b (16 sources) 
WPAa (49 sources) 

The majority of these source groups were developed from the surface water runoff model source areas 
presented in Appendix F of the Operable Unit 5 RI report (DOE 1994a). This approach was selected 
because surface soil is assumed to be the source of contamination in both air and surface water 
pathways. For this CRARE, some modifications were made to the source groups originally 
developed for the Operable Unit 5 RI report. Area 570a and the FEMP northeast corner were each 
split into two groups to account for partial excavation of these areas. 

For the undeveloped-park scenario, the areas which were not excavated included Area 560a, 570a- 
South, 575a, 575b, 580a, 582a, PAI, and NE Corner - North. The remaining areas were excavated 
sufficiently to assume that residual concentrations were at background levels. 

The previous discussion of sources and source groups strictly pertains to modeling of on-property 
contaminant transport. Operable Unit 5 is also responsible for existing off-property contamination 
from previous FEMP operations. The existing off-property contamination is assumed to impact the 
off-property target receptors (resident farmer adult and child). Resuspension of off-property 
contaminated soil and subsequent inhalation by these target receptors were also modeled in this 
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CRARE. The air modeling source group for the off-property contamination was represented by 49 
square area sources making up a farm of approximately 20 acres. Each area source was 125 feet on a 
side. 

H.II.3 AIR TRANSPORT MODELS 
The annual average contaminant concentrations were determined using the Industrial Source Complex 
- Long Term, Version 2 (ISCLT2) dispersion model (EPA 1992a). This model is recommended by 
the EPA for air.pathway analysis of Superfund sites (EPA 1989a). The ISCLT2 model was designed 
by the EPA to assess the air quality impact of emissions from a wide variety of sources. It 
incorporates a steady-state Gaussian plume equation that is applicable in flat or gently rolling terrain, 
for multiple point, area, and volume sources. The ISCLT2 model calculates the annual average 
concentration due to airborne emissions at user-selected receptors, based on sector-averaged statistical 
wind summaries. Data required for input to the model include source emission rates, the locations 
and configurations of sources, statistical summaries of wind speed, wind direction, and atmospheric 
stability, and the locations of the selected receptors. A description of the air models is presented in 
Table H.11-1. 
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TABLE H.11-1 

MAJOR COMPONENTS OF THE AIR EMISSION AND DISPERSION MODELING 

Model Description and Use 

RAECOM RAECOM is a computer model developed by the U.S. Nuclear 
Regulatory Commission (NRC 1984) to simulate the emission of 
Rn-222 gas from soil and material containing Ra-226. RAECOM was 
used in this modeling effort to estimate the Rn-222 emission rate from 
FEMP surface soils and through cover soils placed over on-property 
consolidation areas. The output from RAECOM is used as input to 
ISCLl-2. 

The Particulate Matter Emission Equations are also presented in Rapid 
Assessment of Exposure to Particulate Emissionsfrom Surface 

. .  

. -h.-  

Contamination Sites (EPA 1985). These equations are used in this 
modeling effort to estimate particulate matter emissions from surface 
soil caused by wind erosion: The results from these equations are used 
as input to ISCLT2. 

, I  I 

. .L 

Particulate Matter 
Emission Equations 

ISCLT2 ISCLT2 is a computer model developed by the EPA (EPA 1992) to 
simulate the dispersion of gas-phase and particulate-phase contaminants 
emitted to the atmosphere. ISCLT2 is used in this modeling effort to 
predict the airborne concentrations and deposition rates of contaminants 
emitted from the FEMP surface soils. The output from RAECOM and 
particulate matter emission models are used as input to ISCLT2. 

H.II.4 PARTICULATE CONTAMINANT EMISSION RATES 
Radionuclide, inorganic, and organic contaminants were assumed to be present in the residual soil and 
in the suspended particulate matter emitted from the site. The emission rate for each contaminant in 
this particulate matter was calculated from the concentration of the contaminant in the exposed soil 
and from the estimated site-wide average emission rate of particulate matter less than IO micrometers 
in diameter (PM,,). The emission rate of total suspended particulates (TSP) was estimated by 
assuming that PM,, emissions represented 50 percent of TSP emissions (EPA 1993a). The TSP 
emission rate was used to estimate deposition rates of contaminants onto soils and crops. 

H.II.4.1 Contaminated S oil Concentrations 
The estimated residual radionuclide, inorganic, and organic concentrations used for development of 
emission source terms are presented in Tables H.11-2 through H.11-4, respectively. Contaminant soil 
concentrations were selected from data in the RI/FS database and data presented in the Operable Unit 
5 RI Report (DOE 1994a). 

FER\CRUS\AeXSWP-H-~l lIlO/M,11:28a~3 H-11-7 . . , .,.--.- . ._. . .(' .. .c ,., ; . a t  

'.,f? .",.>.I.. ;,> .' ... : c .  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

1s 



. .  
' . .  . '  . 

FEMP-05FS-4 DRAFT 
November 14, 1994 

In this CRARE, cleanup levels were based on PRLs developed for the entire site. Because this 
analysis assumed that the site has been remediated, any soil with concentrations exceeding an 
applicable PRL will be excavated; therefore, concentrations in excavated areas were reset to the 
background levels. The background surface soil concentrations used in this CRARE, presented in 
Table H.11-5, are from the Operable Unit 5 RI report (DOE 1994a). The estimated, typical off- 
property soil concentrations used to analyze impacts to the off-property target receptors are presented 
in Table H.II-6. 

H.II.4.2 Susv ended Particulate Emission Estimate 
The method used to estimate PM,, emission rates for the FEMP is based on EPA guidance for 
estimating wind erosion rates from flat soil surfaces at hazardous waste sites (EPA 1985a). This 
guidance has also been adopted by EPA for Superfund sites (EPA 1992b). The EPA methodology 
assumes that a minimum wind speed is required for the suspension of respirable dust. The emission 
rate is a nonlinear functionof the "threshold friction velocity" (TFV) and the erosion potential of the 
site, which depends on the particle size distribution of the soil. Very fine soils (those with small 
modal diameters) have low TFVs and high potential for erosion by wind. 

In addition to modal diameter, other factors such as the amount of nonerodible elements (gravel and 
pebbles with diameters greater than approximately 1 centimeter), the rustiness of the surface soil, and 
the amount of vegetative cover affect the quantity of soil that can be resuspended by the wind. 

A review of the EPA method for determining the aerodynamic modal diameter of surface soil (EPA 
1985a) indicated that additional laboratory sieve analyses needed to be conducted on FEMP soil to 
estimate this diameter. Therefore, a sampling protocol was developed based on the EPA guidance, 
and surface soil samples were collected and analyzed during May 1994 (FERMCO 1994a). The 
sampling protocol and analysis results were previously presented in the Operable Unit 2 FS report 
(DOE 1994b), Appendix I (CRARE). The measured aerodynamic modal diameters ranged from 2 to 
4 millimeters. 
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TABLE H.11-2 
RESIDUAL RADIONUCLIDE CONCENTRATIONS IN SURFACE SOIL 

Radionuclide Concentrations, Including Background @Ci/g) 

Source Group Ra-226 Sr-90 Tc-99 Th-230 Th-232 U-235/236 U-238 

560a 

560b 

56Oc 

560d 

570a-North 

570a-South 

570b 

570c 

570d 

570e 

575a 

575b 

580a 

581a 

581b 

581c 

58 Id 

582a 

582b 

WPAa 

NEbEast 

9.23 x 10' 

1.22 x loo 

.22x loo 

.22 x loo 

.22x loo 

.23 x 10'' 

.22x loo 

1.22 x loo 

1.22 x loo 

1.22 x loo 

5.00 x loo 

1.82 x 10'' 

5.00 x 10" 

1.22 x loo 

1.22 x loo 

1.22 x loo 

1.22 x loo 

2.97 x 10'' 

1.22 x loo 

1.22 x loo 

1.22 x loo 

6.38 x 10' 

2 . 5 0 ~  10' 

2.50 x 10' 

2.50 x 10' 

2.50 x 10' 

4.11 x 10.' 

2.50 x 10.' 

2 . 5 0 ~  10.' 

2.50 x 10.' 

2.50 x 10'  

2.50 x 1 0 '  

2.50 x 10.' 

3.56 x 10.' 

2.50 x 1 0 '  

2.50 x 10' 

2.50 x 10' 

2.50 x 10" 

7.63 x 10' 

2.50 x 10' 

2.50 x 10' 

2.50 x 10' 

. .  
i .  . ,  

2.50 x 10' 

2.50 x 10' 

2.50 x 10.' 

2.50 x 10'' 

2.50 x 10.' 

2.50 x 10'' 

2.50 x 1 0 '  

2.50 x 10.' 

2.50 x 1 0 '  

2.50 x 10.' 

2.50 x 10" 

2.50 x 10" 

2.50 x 1 0 '  

2.50 x 10' 

2.50 x 10" 

2.50 x 101 

2.50 x 10' 

2.50 x 10.' 

2.50 x 10.' 

2.50 x 1 0 '  

2.50 x 1 0 '  

. /  

1.83 x 10' 

1.50 x 10' 

1.50 x loo 

1.50 x 10' 

1.50 x 10' 

2.67 x 10' 

1.50 x 10' 

1.50 x loo 

1.50 x loo 

1.50 x 10' 

5.00 x 100 

1.77 x 10' 

5.00 x loo 

1.50 x 10' 

1.50 x loo 

1.50 x loo 

1.50 x loo 

5.00 x 10' 

1.50 x 10' 

1.50 x loo 

1.50 x IO0 

I 

9.69 x 10' 

1.08 x loo 

1.08 x loo 

1.08 x 10' 

1.08 x loo 

8.19 x 10' 

1.08 x 10' 

1.08 x loo 

1.08 x l e  

1.08 x 10' 

2.16 x loo 

8.00 x 10-1 

9.05 x 10' 

1.08 x loo 

1.08 x loo 

1.08 x loo 

1.08 x loo 

1.21 x loo 

1.08 x 10' 

1.08 x loo 

1.08 x 10' 

1.88 x lo2 
9.00x 102 

9.00x lo2 

9.00 x 

9.00 x 10-2 

2.89 x 

9.00 x 

9.00 x 

9.oox 102 

9.00x 1 0 2  

3.98 x 

3.71 x 

1.87 x 

9.00 x 10-2 

9.00 x 10-2 

9.00 x l o 2  

9.00x 1 0 2  

7.78 x l a 2  

9.00 x 10'2 

9.00x 102 

9.00 x 10-2 

4.02 x 10' 

1.08 x loo 

1.08 x loo 

1.08 x loo 

1.08 x loo 

6.20 x loo 

1.08 x 10' 

1.08 x 10' 

1.08 x loo 

1.08 x 100 

8.55 x 100 

7.95 x loo 

4.00x loo 

1.08 x loo 

1.08 x 100 

1.08 x 16 

1.08 x 10' 

1.67 x 10' 

1.08 x 10' 

1.08 x loo 

1.08 x 100 



TABLE H.1-2 
(Continued) 

Radionuclide Concentrations, Including Background (pCi/g) 

Source Group Ra-226 Sr-90 Tc-99 Th-230 Th-232 U-2351236 U-238 

NEbNorth 

WPAOU1 

SF 

AFP 

S W L  

LSP 

WPAOU4 

PAa 

PAb 

P Ac 

PAd 

P Ae 

PAf 

PAg 

PAh 

9.11 x 10' 

1.22 x loo 

1.22 x loo 

1.22 x loo 

1.22 x loo 

1.22 x loo 

1.22 x loo 

1.22 x loo 

1.22 x loo 

1.22 x loo 

.22 x loo 

.22 x loo 

.22 x loo 

.22 x loo 

.22 x loo 

P Ai 1.62 x 100 

4 . 2 2 ~  10' 

2.50 x 10' 

2 . 5 0 ~  lo' 

2 . 5 0 ~  10' 

2.50 x 10' 

2 . 5 0 ~  10' 

2.50 x 10' 

2.50 x 10' 

2.50 x 10' 

2.50 x 10' 

2.50 x 10.' 

2.50 x IO-' 

2.50 x 10.' 

2.50 x 10.' 

2.50 x 1 0 '  

4.70 x 10.' 

2.50 x 10' 

2.50 x 10' 

2.50 x 10.' 

2.50 x 10.' 

2.50 x 10.' 

2.50 x 10' 

2.50 x 1 0 '  

2.50 x 1 0 '  

2.50 x 1 0 '  

2.50 x 10.' 

2.50 x 10" 

2.50 x 1 0 '  

2.50 x 10' 

2.50 x 10' 

2.50 x IO' 

2.50 x 1 0 '  

1.76 x 1 6  

1.50 x loo 

1.50 x loo 

1.50 x loo 

1.5ox loo 

1.50 x loo 

1-50 x loo 

1.50 x loo 

1.5ox loo 

1.50 x loo 

1 . 5 0 ~  10" 

1.50 x loo 

1.50 x I6 

1.50 x loo 

1.50 x loo 

2.26 x 100 

1.14 x I 6  

1.08 x I 6  

1.08 x 1 6  

1.08 x 1 6  

1.08 x I 6  

1.08 x 16 

1.08 x 1 6  

1.08 x 1 6  

1.08 x I 6  

1.08 x loo 

1.08 x loo 

1.08 x 16 

1.08 x 100 

1.08 x loo 

1.08 x 10' 

9.23 x 1 0 '  

2.71 x 10' 

9.oox 102 

9.oox 1 0 2  

9.oox 102 

9.oox 102 

9.oox 102 

9.oox 102 

9.00 x 102 

9.oox 1 0 2  

9.oox 102 

9.oox 102 

9.00 x 10-2 

9.00 x 102 

9.00 x 102 

9.00 x 10-2 

7.78 x I O 2  

5.82 x 1 6  

1.08 x 1 6  

1.08 x 1 6  

1.08 x 100 

1.08 x 1 6  

1.08 x 1 6  

1.08 x 1 6  

1.08 x loo 

1.08 x 1 6  

1.08 x 1 6  

1.08 x 1 6  

1.08 x loo 

1.08 x 10' 

1.08 x I 6  

1.08 x I 6  

1.67 x IO' 



TABLE H.II-3 

RESIDUAL INORGANIC CONCENTRATIONS IN SURFACE SOIL 

Inorganic Concentrations, Including Background (mgkg) 

Uranium - Source 
Group Antimony ArseNc Beryllium Cadmium Magnesium Manganese Mercury Silver Total 

560a 

560b 

56Oc 

560d 

570a-North 

570a-South 

570b 

570c 

570d 

570e 

575a 

575b 

580a 

581a 

581b 

581c 

581d 

582a 

582b 

WPAa 

6.92 x loo 

3.65 x loo 

3.65 x loo 

3.65 x loo 

3.65 x 1 6  

1.25 x 1 6  

3.65 x 10'' 

3.65 x 1 6  

3.65 x 1 6  

3.65 x 100 

6.26 x 1 6  

1.20 x loo 

1.20 x 1 6  

3.65 x 10" 

3.65 x 16 

3.65 x 16 

3.65 x 1 6  

1.94 x 16 

3.65 x 16 

3.65 x 100 

4.13 x 1 6  

5.56 x 1 6  

5.56 x 1 6  

5.56 x 1 6  

5.56 x 10' 

6.38 x 16 

5.56 x 1 6  

5.56 x 1 6  

5.56 x 10' 

5.56 x 1 6  

6.49 x 10' 

6.20 x IOo 

8.84 x 100 

5.56 x IOo 

5.56 x 10' 

5.56 x 10' 

5.56 x 10' 

8.39 x 1 6  

5.56 x 10' 

5.56 x 10' 

5.25 x 10.' 

6 . 0 0 ~  10' 

6.00 x 10.' 

6.00 x 10.' 

6 . 0 0 ~  1 0 '  

5.36 x IO-' 

6 . 0 0 ~  10' 

6.00 x 1 0 '  

6.00 x 10" 

6.00 x IO' 

9.58 x 10.' 

6.32 x 1 0 '  

1.00 x loo 

6.00 x 1 0 '  

6 . 0 0 ~  10' 

6.00 x 10' 

6 . 0 0 ~  1 0 '  

1.21 x loo  

6.00 x IO-' 

6.00 x 1 0 '  

7.36 x 10' 

5.20 x 10' 

5.20 x 10' 

5.20 x 10' 

5.20 x 10' 

9.20 x 10' 

5.20 x 10.' 

5.20 x 10.' 

5.20 x 10' 

5.20 x 10' 

8.74 x 10' 

6.63 x 10.' 

6.77 x 10.' 

5.20 x 10' 

5.20 x 10' 

5.20 x 10' 

5.20 x 10' 

5.97 x 10' 

5.20 x 10' 

5.20 x 10' 

6.09 x lo) 

1.93 x lo) 

1.93 x l@ 

1.93 x lo) 

1.93 x lo) 

1.37 x 104 

1.93 x lo' 

1.93 x l e  

1.93 x lo' 

1.93 x lo' 

1.94 x io4 

1.02 x 1 0 4  

1.67 x IO4 

1.93 x lo) 

1.93 x lo' 

1.93 x lo) 

1.93 x lo) 

5.70 x lo' 

1.93 x lo) 

1.93 x lo) 

8.97 x 102 

8.14 x 102 

8.14 x 102 

8.14 x lo2 

8.14 x IO2 

6.46 x lo2 

8.14 x lo2 
8.14 x IO2 

8.14 x 10' 

8.14 x 102 

1.04 x Id 

1.15 x 1 0 3  

5.90 x IO2 

8.14 x lo2 

8.14 x lo2 

8.14 x lo2 

8.14 x I d  

4.84 x IO2 

8.14 x lo2 

8.14 x lo2 

5.97 x 102 

3.00x 10' 

3.00 x 10'' 

3.00 x 10-1 

3.00 x 10-1 

8 . 0 4 ~  l o 2  

3.00 x 10' 

3.00 x 10-1 

3.00 x 10-1 

3.00x 10' 

5.50 x 102 

5.50 x 10-2 

5.78 x 1U2 

3.00x 10' 

3.00 x 10.' 

3.00x 1 0 '  

3.00x 10' 

6.13 x 

3.00 x 10-1 

3.00 x 10' 

1.95 x loo 

2.20x loo 

2.20x loo 

2.20 x loo 

2.20 x loo 

5.08 x 10' 

2.20 x loo 

2.20 x loo 

2.20 x 1 6  

2.20 x loo 

7.10 x 10' 

4.70 x 10-I 

4.73 x 10-1 

2.20 x loo 

2.20 x loo 

2.20 x loo 

2.20 x loo 

6.37 x 10' 

2.20 x loo 

2.20 x 1 6  

1.21 x 10' 

3.27 x 100 

3.27 x 16 

3.27 x 10' 

3.27 x 10'' 

1.86 x 10' 

3.27 x 10'' 

3.27 x 100 

3.27 x loo 

3.27 x 10'' 

2.56 x 10' 

2.38 x 10' 

1.20 x 10' 

3.27 x 10'' 

3.27 x 10'' 

3.27 x 100 $ 3 
3.27 x 10' c7 

z 
; z  

5.00 x 10' - F  
e &  

2 7  
3.27 x loo 

3.27 x loo 
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TABLE M.11-3 
... _-. (Continued) 
._ 

-e,# 

Inorganic Concentrations, Including Background (mgkg) 

Source Uranium - 
Group Antimony Arsenic Beryllium Cadmium Magnesium Manganese Mercury Silver Total 

NEbEast 

NEbNorth 

WPAOU 1 

SF 

AFP 

SWL 

LSP 

WPAOU4 

PAa 

PAb 

PA? 

PAd 

PAe 

PAf 

PAg 

PAh 

PAi 

3.65 x loo 
1.29 x lo0 

3.65 x 100 

3.65 x lo0 

3.65 x 10'' 

3.65 x 10' 

3.65 x lo0 

3.65 x loo 
3.65 x lo0 

3.65 x lo0 

3.65 x loo 
3.65 x lo0 

3.65 x lo0 

3.65 x 10' 

3.65 x 10' 

3.65 x 10' 

1.65 x 10' 

5.56 x 100 

5.67 x 100 

5.56 x 100 

5.56 x 100 

5.56 x 100 

5.56 x 10'' 

5.56 x 100 

5.56 x 10'' 

5.56 x 100 

5.56 x 10" 

5.56 x 10' 

5.56 x 10' 

5.56 x 10" 

5.56 x 10' 

5.56 x 10' 

5.56 x 10' 

7.46 x 10" 

6.00 x 10' 

4.17 x 10' 

6.00 x 10' 

6 . 0 0 ~  10'  

6 . 0 0 ~  10' 

6.00 x 10' 

6.00 x 1 0 '  

6.00 x 10'  

6.00 x 1 0 '  

6.00 x 10" 

6.00 x 1 0 '  

6.00 x 10' 

6.00 x 1 0 '  

6.00 x 1 0 '  

6.00 x 1 0 '  

6.00 x 1 0 '  

5.95 x 10'  

5.20 x 10' 

4.91 x 10' 

5 . 2 0 ~  10' 

5.20 x 10' 

5.20 x 10' 

5.20 x 10' 

5.20 x 10.' 

5.20 x 10' 

5.20 x 10' 

5.20 x 10' 

5.20 x 10.' 

5.20 x 10' 

5.20 x 10' 

5.20 x lo1 
5.20 x 10'  

5.20 x 10' 

7.47 x 10' 

1.93 x lo) 

2.12 x lo) 

1.93 x lo) 

1.93 x lo) 

1.93 x lo) 

1.93 x lo) 

1.93 x lo) 

1.93 x lo) 

1.93 x lo) 

1.93 x lo) 

1.93 x lo) 

1.93 x lo) 

1.93 x lo) 

1.93 x lo) 

1.93 x lo) 

1.93 x lo) 

1.62 x 10' 

8.14 x lo' 

1.29 x l@ 

8.14 x lo' 

8.14 x lo' 

8.14 x 102 

8.14 x lo' 

8.14 x 102 

8.14 x lo2 
8.14 x lo' 

8.14 x lo2 

8.14 x lo2 
8.14 x lo2 
8.14 x lo2 
8.14 x lo2 
8.14 x lo2 
8.14 x lo2 
8.37 x lo2 

3.00 x 10' 

5.73 x 102 

3.00x 10' 

3.00x 10' 

3.00x 10' 

3.00x 10' 

3.00 x 101 

3.00x 10' 

3.00x 101 

3.00 x lo-' 
3 . 0 0 ~  10' 

3.00x 10' 

3.00x 10' 

3.00 x 10'  

3.00x 10 '  

3.00 x 10 '  

8.86 x I O 2  

2.20 x loo 
1.30 x 100 

2.20 x loo 
2.20 x loo 
2.20 x lo0 

2.20 x loo 
2.20 x loo 
2.20 x loo 
2.20 x loo 

2.20 x loo 
2.20 x loo 
2.20 x loo 
2.20 x loo 
2.20 x loo 
2.20 x loo 
2.20 x loo 
1.08 x 100 

3.27 x 100 

1.74 x 10' 

3.27 x loo 
3.27 x lo0 

3.27 x lo0 

3.27 x lo0 

3.27 x 100 

3.27 x lo0 

3.27 x 100 

3.27 x lo0 

3.27 x 100 

3.27 x 100 

3.27 x lo0 

3.27 x 100 

3.27 x 10' 8 
z s  

3.27 x 10": 'p 

- b  
P W  

g E l  
5.00 x 10' g 3 

tF \o 

$ 3  

e 
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TABLE H.II-4 

RESIDUAL ORGANIC CONCENTRATIONS IN SURFACE SOIL 

Organic Concentrations, Including Background (mgkg) 

Area Araclor- 1254 Benzo(a)pyrene Trichloroethane 

56oa 

560b 

6.84 x lo2 

0.00 

56Oc 0.00 

56Od 0.00 

57Oa-North 

570a-South 

570b 

57oc 

0.00 

3.70 x 10' 

0.00 

0.00 

57od 0.00 

57oe 0.00 

575a 

575b 

580a 

581a 

581b 

581c 

4.64 x 10' 

7.64 x lo2 

4.79 x lo2 

0.00 

0.00 

0.00 

581d 0.00 

582a 2.09 x l o 2  

582b 0.00 

WPAa 0.00 

NEbEast 0.00 

NEbNorth 

WPAOUl 

SF 

AFP 

S W L  

LSP 

WAOU4 

PAa 

2.12 x I O 2  

0.00 

0.00 

0.00 

0.00 

0.00 

* 0.00 

0.00 

2.00 x 1 0 2  

2.00 x 

2.00 x 10-2 

2.00 x 10-2 

2.00 x lo2 

2.00 x I O 2  

2.00 x 10-2 

2.00 x 10-2 

2.00 x lo2 

2.00 x 

2.00 x 1 0 2  

2.00 x 

2.00 x I O 2  

2.00 x 

2.00 x 

2.00 x 

2.00 x 10'2 

2.00 x I O 2  

2.00 x 1Q2 

2.00 x 1 0 2  

2.00 x lo2 

2.00 x 10-2 

2.00 x lo2 

2.00 x lo2 

2.00 x lo-* 

2.00 x I O 2  

2.00 x lo2 

2.00 x 1 0 2  

2.00 x 10-2 

1.85 x lo' 

0.00 

0.00 

0.00 

0.00 

2.93 x lo3 

0.00 

0.00 

0.00 

0.00 

2.12 x 103 

2.19 x 10-3 

2.29 x 10-3 

0.00 

0.00 

0.00 

0.00 

1.90 x 1 0 3  

0.00 

0.00 

0.00 

1.93 x 10-3 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 



TABLE H.II-4 (Continued) 

FEMP-OSFS-4 D R A R  
November 14. 1994 

Organic Concentrations, Including Background (mg/kg) 

Area Araclor-1254 Benzo(a)pyrene Trichloroethane 

PAb 0.00 2.00 x 1 0 2  0.00 

PAC 0.00 2.00 x 10-2  0.00 

PAd 0.00 2.00 x 1 0 2  0.00 

PAe 0.00 2.00 x 1 0 2  0.00 

PAf 

PAg 

PAh 

0.00 

0.00 

0.00 

2.00 x 10-2 0.00 

2.00 x 1 0 2  0.00 

2.00 x 1 0 2  0.00 

PAi 4.50 x 10'  2.00x 1 0 2  0.00 



6349 
FEMP-OSFS-4 DRAFT 

November 14, 1994 

TABLE H.11-5 
BACKGROUND COC CONCENTRATIONS IN SURFACE SOIL e 

COC Representative Background Concentration 

Radionuclides (pCi/g) 

Ra-226 1.22 x loo 

Sr-90 2.50 x IO-' 
Tc-99 0.00 

Th-230 1.50 x loo 
Th-232 1.08 x 100 
U-2351236 9.00 x IO? 
U-238 1.08 x loo 

Inorganics (mg/kg) 

Antimony 

Arsenic 

Beryllium 

Cadmium 

Magnesium 

Manganese 

Mercury 

Silver 

Uranium - Total 

3.65 x 100 
5.56 x 100 

6.00 x I O '  
5.20 x IO-' 

1.93 x 103 

8.14 x 102 

2.50 x 10' 

2.20 x l o o  

3.27 x lo0 

FER\CRU5\ApxSWP-HW-Il\ll/10/94.11:28~, I H-II- 15 : * .  . , .  ,\ ) .  ' .  ' 
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TABLE H.11-6 

OFF-PROPERTY COC CONCENTUTIONS IN SURFACE SOIL 

COC Representative Soil Concentration 

Radionuclides (pCi/g) 

Ra-226 

Sr-90 

Tc-99 

Th-230 

Th-232 

U-2351236 

U-238 

Inorganics (mg/kg) 

Antimony 

Arsenic 

Beryllium 

Cadmium 

Magnesium 

Manganese 

Mercury 

Silver 

Uranium - Total 

Organics (mg/kg) 

Araclor- 1254 

Benzo(a)pyrene 

Trichlorethane 

9.00 x 10' 

2.65 x 10' 

2.50 x 1 0 '  

1.77 x 100 
8.88 x lo-' 

1.12 x 10' 

2.40 x 100 

1.30 x 100 

3.79 x loo 

4.49 x lo-' 

4.90 x 10' 

2.19 x 103 

6.47 x LO' 
5.50 x 10' 

4.80 x lo-' 

7.20 x 100 

2.20 x 

2.00 x 

2.00 1 0 3  

FER\CRUS\APXSWP-HW-II\11/10/94.11:28~ H-11-16 

.. 
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November 14. 1994 

D Using an exposed soil modal diameter of 2 to 4 millimeters, the TFV can be determined from the 
EPA guidance document @PA 1985a). The relationship between the modal diameter and the TFV is 
represented by the equation: 

log (TFV) = 1.812 + 0.4161 log (d,) (H .II- I )  
where 

TFV = threshold friction velocity (cm/s) near the soil surface and 
dp = modal diameter of soil sample (mm). 

The calculated TFV ranges from 86.5 to 115 cm/s based on modal diameters of 2 to 4 millimeters. 
The calculated TFV should be corrected based on the surface roughness, rustiness, and quantity of 
nonerodible elements. The ratio of the corrected TFV to the uncorrected TFV is a nonlinear function 
of the ratio of the silhouette area of the roughness elements to the total area of bare loose soil (EPA 
1985a). For this CRARE, no correction was applied to the calculated TFV based on the assumption 
that the exposed surface would behave in the same manner as dry, loose silt. This assumption is 
obviously conservative since the site has  enough clay in the soil to form a nonerodible crust, the 
surface contains nonerodible elements, and the vegetation present will significantly increase the' TFV 
necessary to resuspend surface soil. 

D The calculated TFV is greater then the 75 cm/s (30 in./s); therefore, the FEMP surface soil was 
considered to have a "limited" erosion potential (EPA 1985a). The equation for respirable particulate 
emissions from erosion of soils with limited erosion potential takes the following form: 

Elo = 0.83 x f x P(u+) x (1 - V) / (PE/50)' (H .II-2) 
where 

E,, = annual average PMlo emission rate per unit area of contaminated surface 
(mghr/m2)7 

f = frequency of disturbance per month, 
erosion potential, the quantity of erodible particles present on the surface prior 
to the onset of wind erosion (g/m2), 
observed (or probable) fastest mile of wind for the period between 
disturbances (m/s), 

Thorntwaite's Precipitation Index (measure of average soil moisture content). 

P(u+) = 

u+ = 

V = fraction of soil covered by vegetation, and 
PE = 

The erosion potential in Equation H.11-2 depends on the fastest mile as follows (EPA 1985a): 

P(u+) = 6.7 x (u+ - u,), for u +  2 ut, or 
0, for u+ < u,. - - 

(H.11-3) 

i 

2 

IO 

11 

12 

13 

14 

15 

16 

17 

!E - 

19 

20 

21 

1 

3 

24 

25 

26 

n 
28 

29 

33 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

A typical fastest mile for the region is 24 m/s (EPA 1985a) at 7 meters above ground. The TFV 41 

42 

43 

D must be corrected to the anemometer height (7 meters) used to collect the fastest mile data. 
corrected TFV is calculated from the following equation (EPA 1985a): 

The 
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FEMP-OSFS4 DRAFT 
November 14. 1994 

uJTFV = (U0.4) In (Z/Z,,) (H.II-4) 

where 
z =  anemometer height (m) and 
2, = surface roughness height (m). 

The surface at d e  FEMP is now, and will be, covered with grass and other vegetation after 
completion of remedial actions. Using an approximated value of 0.03 m for grassland (EPA 1985a) 
as Z,, the value of u, was calculated to be 11.8 to 15.7 m/s. The calculated values for P(u+) range 
from 81.8 down to 55.4 g/m2 for aerodynamic modal diameters of 2 to 4 millimeters, respectively. 

The frequency of disturbance represents the frequency that the surface crust is broken by mechanical 
means, such as agricultural tilling. For the undeveloped-park scenario, the only disturbance caused 
by the recreational user was assumed to be from walking across the site. Over a 70-year period, the 
park user spends 6140 hours on site. The park user was assumed to walk at a pace of 3 miles per 
hour and was assumed to disturb a path 1 foot wide. Therefore, the total area disturbed over the 70- 
year period is approximately 2233 acres, or approximately 32 acres per year. Dividing this area by 
the total area of the site (1050 acres) results in a value for f of 0.0304. 

Currently, the FEMP is 80 to 85 percent covered with vegetation (DOE 1993b). After remediation, 
the site will be planted with appropriate vegetation for erosion control and aesthetics. The region 
easily supports plant life, and a 100 percent vegetative cover can be expected over the postremedial 
site, with or without continued maintenance. For this air transport analysis, the site was 
conservatively assumed to be 85 percent covered with vegetation. The 85 percent value is in line 
with EPA estimates of control efficiencies for vegetative covers (EPA 1987a). 

The erosion potential of PMlo for the FEMP under the adopted site wide alternative ranged from 1.40 
x lo-* to 2.03 x 108 g/s/m2 for aerodynamic modal diameters of 4 and 2 millimeters, respectively. 
The larger value was used in contaminant emission rate calculations. 

The contaminant surface soil concentration in each area was multiplied by the annual average PM,, 
emission flux to determine the contaminant-specific emission rate used in the model for calculating 
airborne concentrations. The contaminant surface soil concentration was multiplied by the annual 
average TSP emission flux to determine the contaminant-specific emission rate used for calculating 
total deposition rates. Total particulate matter contaminant emissions for each source group are 
presented in Tables H.11-7 through H.11-9. Background particulate matter contaminant emission rates 
are presented in Table H.11-10. 

4 
2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

?I 1 
n 

3 

?J 

23 

26 

n 

28 

3 

x) 

31 

32 

33 

34 

35 

36 

37 



TABLE H.11-7 

RESIDUAL RADIONUCLIDE EMISSION RATES 

Radionuclide Emission Rates. Includine Backeround bCi/s/m2) 

Source Group Ra-226 Sr-90 Tc-99 Th-230 Th-232 U-235/236 U-238 

560a 

560b 

56Oc 

560d 

570a-North 

570a-South 

570b 

570c 

570d 

570e 

575a 

575b 

580a 

581a 

581b 

581c 

581d 

582a 

582b 

WPAa 

NE bEas t 

1.87 x la' 

2.48 x 10.' 

2.48 x la8 

2.48 x 10.' 

2.48 x 10" 

2.50 x 10.' 

2.48 x 10' 

2.48 x 10' 

2.48 x 10.' 

2.48 x 10' 

1.02 10-7 

1.02 10-7 

3.68 x 10.' 

2.48 x 10' 

2.48 x 10' 

2.48 x 10' 

2.48 x 10.' 

6.03 x 10.' 

2.48 x 10.' 

2.48 x 10' 

2.48 x 10' 

1.29 x 10-8 

5.08 x 10-9 

5.08 x 10-9 

8.35 x 10-9 

5.08 x 10-9 

5.08 x 10-9 

5.08 x 10-9 

5.08 10-9 

5.08 x 10-9 

7.24 x 10-9 

5.08 x 10-9 

5.08 x 10-9 

5.08 x 10-9 

5.08 x 10-9 

5.08 x 10-9 

5.08 x lo9 

5.08 x IO9 

5.08 x lo9 

5.08 x l o 9  

1.55 x 10.' 

5.08 x lo9 

5.08 x l o 9  

5.08 x lo9 

5.08 x 10-9 

5.08 x lo9 

5.08 x l o 9  

5.08 x l o 9  

5.08 x l o 9  

5.08 x 10-9 

5.08 x 10-9 

5.08 x 10.9 

5.08 x l o 9  

5.08 x l o 9  

5.08 x l o 9  

5.08 x l o 9  

5.08 x l o 9  

5.08 x l o 9  

5.08 x l o 9  

5.08 x l o 9  

5.08 x l o 9  

5.08 x i o 9  

5.08 x 

a .  

3.72 x 10" 

3.05 x 10" 

3.05 x 10" 

3.05 x 10" 

3.05 x 10' 

5.42 x 10' 

3.05 x 10' 

3.05 x 10' 

3.05 x lo-' 

3.05 x 10' 

1.02 x 10-7 

1.02 x 107 

3.58 x 10.' 

3.05 x 10.' 

3.05 x 10' 

3.05 x 10.' 

3.05 x 10.' 

1.02 x 10-7 

3.05 x 10' 

3.05 x 10' 

3.05 x 10' 

1.97 x la8 

2.19 x 108 

2.19 x 108 

2.19 x 108 

2.19 x 108 

1.66 x 10" 

2.19 x 10' 

2.19 x 10" 

2.19 x 10" 

2.19 x 10.' 

4.38 x 10.' 

1.62 x 10' 

1.84 x 10" 

2.19 x 10.' 

2.19 x lo-' 

2.19 x 10" 

2.19 x 10' 

2.45 x 10.' 

2.19 x 10' 

2.19 x 10' 

2.19 x 10' 

.i 

3.81 x 10" 

1.83 x lo9 

1.83 x lU9 

1.83 x lo9 

1.83 109 

1.83 x 10-9 

1.83 109 

5.87 x 

1.83 x lo9 

1.83 x lo9 

8.09 x 1 @ ' O  

7.53 x 10'O 

3.79 x lalo 

1.83 x l o 9  

1.83 x l o 9  

1.83 x l o 9  

1.83 x l o 9  

1.58 x lo9 

1.83 x l o 9  

1.83 x lo9 

1.83 x l o 9  

8.17 x 10" 

2.19 x 10" 

2.19 x 10" 

2.19 x 10' 

2.19 x 10' 

1.26 x l o 7  

2.19 x 10" 

2.19 x 10" 

2.19 x 10" 

2.19 x 10" 

1.73 x 10-7 

1.61 x l o 7  

8.12 x 10" 

2.19 x 10" 

2.19 x 10" 

2.19 x 10' 

2.19 x 10" 

3.39 1 0 7  

2.19 x 10' 

2.19 x 10" 

2.19 x 10" 



8 
A 
E TABLE W.11-7 

(Continued) E 
Radionuclide Emission Rates, Including Background @Ci/s/d) 

Source Group Ra-226 Sr-90 Tc-99 Th-230 Th-232 U-235/236 U-238 P 

: r  
' _  

NEbNorth 

WPAOU 1 

SF 

AFP 

SWL 

LSP 

WPAOU4 

PAa 

PAb 

PAC 

PAd 

PAe 

PAf 

PAg 

1.85 x 10' 

2.48 x 10' 

2.48 x 10' 

2.48 x 10' 

2.48 x 10' 

2.48 x 10' 

2.48 x 10' 

2.48 x 10' 

2.48 x 10.' 

2.48 x 10.' 

2.48 x 10' 

2.48 x 10' 

2.48 x 10' 

2.48 x 10' 

PAh 2.48 x 10' 

PAi 3.28 x 10' 

8.56 x lo9 

5.08 x lo9 

5.08 x lo9 

5.08 x lo9 

5.08 x lo9 

5.08 x 10-9 

5.08 x lo9 

5.08 x lo9 

5.08 x lo9 

5.08 x lo9 

5.08 x lo9 

5.08 x I O 9  

5.08 x 10-9 

5.08 x lo9 

5.08 x l o 9  

9.54 x 109 

5.08 x 10-9 

5.08 x 10-9 

5.08 x 10-9 

5.08 x 10-9 

5.08 x 10-9 

5.08 x lo9 

5.08 x lo9 

5.08 x 10'' 

5.08 x l o 9  

5.08 x lo9 

5.08 x 10-9 

5.08 x l o 9  

5.08 x l o 9  

5.08 x l o 9  

5.08 x l o 9  

5.08 x l o 9  

3.56 x 10' 

3.05 x 10" 

3.05 x 10" 

3.05 x 10" 

3.05 x 10' 

3.05 x 10' 

3.05 x 10' 

3.05 x 10' 

3.05 x 10' 

3.05 x 10' 

3.05 x 10' 

3.05 x 10' 

3.05 x 10' 

3.05 x 10' 

3.05 x 10' 

4.59 x 10' 

2.31 x lo8 

2.19 x lo8 

2.19 x 10' 

2.19 x lo8 

2.19 x lo8 

2.19 x lo8 

2.19 x 10' 

2.19 x 10' 

2.19 x 10' 

2.19 x 10' 

2.19 x 108 

2.19 x 10' 

2.19 x 10' 

2.19 x 10' 

2.19 x 10' 

1.87 x 10.' 

5.51 x 10" 

1.83 x lQ9 

1.83 x lo9 

1.83 x lo9 

1.83 x lo9 

1.83 x l a9  

1.83 x 10-9 

1.83 x lo9 

1.83 x lo9 

1.83 x lo9 

1.83 x lo9 

1.83 x l o 9  

1.83 x 10-9 

1.83 x lo9 

1.83 x lo9 

1.58 x 10-9 

1.18 x lo7 

2.19 x 10' 

2.19 x 10" 

2.19 x 10" 

2.19 x 10' 

2.19 x 10" 

2.19 x 10' 

2.19 x 10" 

2.19 x 10' 

2.19 x 10" 

2.19 x 10' 

2.19 x 10' 

2.19 x 10' 

2.19 x 10' 

2.19 x 10' 

3.39 x 107 



TABLE H.II-8 

RESIDUAL INORGANIC EMISSION RATES 

Inorganic Emission Rates, Including Background (pg /s /d  

Uranium - source 
Group Antimony Arsenic Beryllium Cadmium Magnesium Manganese Mercury Silver Total 
560a 

560b 

: 56Oc 

560d 

570a-North 

570a-South 

570b 

570c 

570d 

570e 

575a 

575b 

5 80a 

581a 

581b 

581c 

581d 

582a 

582b 

W A a  

1 . 4 0 ~  l o 7  

7.41 x 10' 

7.41 x 10" 

7.41 x 10" 

7.41 x 10' 

,255  x 10' 

7.41 x 10' 

7.41 x 10.' 

7.41 x 10.' 

7.41 x 10.' 

1.27 x 10'' 

2.44 x 10'  

2.44 x. 10' 

7.41 x 10.' 

7.41 x 10" 

7.41 x 1 0 '  

7.41 x 10' 

3.94 x 10" 

7.41 x 10.' 

7.41 x 10' 

8.39 x 108 

1.13 x la7 

1.13 x l o7  

1.13 x 107 

1.13 x l o7  

1.30 x 10' 

1.13 x l o7  

1.13 x lo7 
1.13 x l a 7  

1.13 x l o7  

1 . 3 2 ~  lo7  

1.26 x 10-7 

1.13 x 10-7 

1.13 x 10-7 

1.13 x 10-7 

1.70 x 10-7 

1.79 x lo7  

1.13 x l o7  

1.13 x lo7 

1.13 x l o7  

1.07 x lo8 
1.22 x 10-8 

1.22 x 10-6 

1.22 x 10-6 

1.22 x 10' 

1.09 x 10' 

1.22 x 1D8 

1.22 x 10' 

1.22 x 10' 

1.22 x 10.' 

1.94 x 10' 

1.28 x 10.' 

2.03 x 10" 

1.22 x 108 

1.22 x 10' 

1.22 x 1 0 '  

1.22 x lo8 

2.46 x 10.' 

1.22 x 10.' 

1.22x 10' 

1.49 x 108 

1.06 x 10-8 

1.06 x 10" 

1.06 x 10" 

1.06 x 10 '  

1.87 x 10' 

1.06 x 10' 

1.06 x l a8  

1.06 x 10' 

1.06 x 10.' 

1.78 x 10 '  

1.34 x 10' 

1.38 x 10' 

1.06 x 10' 

1.06 x 10' 

1.06 x 10.' 

1.06 x 10' 

1.21 x lo8 

1.06 x 10.' 

1.06 x 10' 

1.24 x lo4 

3.92 x 10'' 

3.92 x 10' 

3.92 x 10' 

3.92 x lo'' 

2.78 x l o 4  

3.92 x lo'' 

3.92 x 10' 

3.92 x 10' 

3.92 x 10-5 

3.93 10-4 

2.08 x 10-4 

3.39 x 104 

3.92 x 

3.92 x IO-' 

3.92 x lo'' 

3.92 x 10" 

1.16 x lo4 

3.92 x 10' 

3.92 x 10' 

1 

1.82 x 10' 1.21 x la9 3.95 x 108 2.45 x 10'' 

1.65 x 10' 6.09 x lo9 4.47 x 108 6.64 x 10" 

1.65 x 10' 6.09 x lo9  4.47 x 108 6.64 x 10' 

1.65 x 10' 6.09 x lo9 4.47 x 10-8 6.64 x 10" 

1.65 x 10' 6.09 x lo9 4.47 x 10-8 6.64 x lo8 

1.31 x 10" 1.63 x lo9  1.03 x 108 3.77 x 10'' 

1.65 x lo-' 6.09 x lo9  4.47 x 108 6.64 x 10' 

1.65 x 10' 6.09 x lo9 4.47 x 10-8 6.64 x 10' 

1.65 x 10' 6.09 x lo9  4.47 x 10-8 6.64 x 10' 

1.65 x 10' 6.09 x lo9 4.47 x 108 6.64 x 10' 

2.10 x io-5 1.12 x 1.44 x 108 5.20 1 0 . ~  

2.34 x i o5  1.12 x 10-9 9.54 x 109 4.84 10-7 

1.20 x 10' 1.17 x 10-9 9.59 x 1 0 9  2.43 x 10-7 

1.65 x 10.' 6.09 x lo9  4.47 x 10-8 6.64 x 10' 

1.65 x 10.' 6.09 x I O 9  4.47 x 10-8 6.64 x 10' 

1;65 x 10' 6.09 x 4.47 x 10' 6.64 x 10.' 

a 

.g g rfr 1.65 x 10' 6.09 x l o 9  4.47 x 108 6.64 x 10' 

- b ' *  
? 7 c D  9.82 x lo4 1.24 x lo9  1.29 x 10-8 1.02 x lo4 

1.65 x 10" 6.09 x lo9  4.47 x 10-8 6.64 x 10' 

1.65 x 10' 6.09 x lo9 4.47 x 10' 6.64 x 10 '  



TABLE M.II-8 
(Continued) 

Inorganic Emission Rates, Including Background (pglslxd) 

Source Uranium - 
Group Antimony Arsenic Beryllium Cadmium Magnesium Manganese Mercury Silver Total 

NEbEast 

NEbNorth 

WPAOU 1 

SF 

AFP 

SWL 

LS P 

WPAOU4 

PAa 

PAb 

PAC 

PAd 

PAe 

PAf 

PAg 

PAh 

PAi 

7.41 x 10.' 

2.61 x 10" 

7.41 x 10' 

7.41 x 10' 

7.41 x 10' 

7.41 x 10' 

7.41 x 10.' 

7.41 x 10' 

7.41 x 10' 

7.41 x 10' 

7.41 x 10' 

7.41 x 10' 

7.41 x 10' 

7.41 x 10' 

7.41 x 10.' 

7.41 x 10' 

3.35 x 10' 

1.13 x lo7 
1.15 x 10' 

1.13 x lo7 
1.13 x lo7 

1.22 x 10* 

8.46 x lo9 
1.22 x 10' 

1.22 x 10' 

1.13 x 1 0 7  

1.13 x 10-7 

1.22 x 108 

1.22 x 10'8 

1.13 x lo7 1.22 x 10' 

1.13 x IO7 1.22 x 10' 

1.13 x I O 7  1.22 x 10' 

1 . 1 3 ~  l o 7  1 . 2 2 ~  1 0 '  

1.13 x l o 7  1.22 x 10" 

1.13 x lo" 1 . 2 2 ~  10' 

1.13 x 1 0 7  1.22 x 10'8 

1.13 x 10'' 

1.13 x lo" 

1.13 x lo7 
1.51 x lo7 

1.22 x 1 0 '  

1.22 x 10.' 

1.22 x IO' 

1.21 x 10.' 

1.06 x 10-8 

9.97 x 109 

1.06 x 10-8 

1 . 0 6 x  10-8 

1.06x 10-8 

1.06x 10-8 

1.06 x 10' 

1.06 x IO' 

1.06 x 10' 

1.06 x 10' 

1.06 x 1 0 '  

1.06 x 10' 

1.06 x 10' 

1.06 x 10' 

1.06 x 10' 

1.06 x IO' 

1.52 x 10' 

3.92 x 10' 

4.29 x 10' 

3.92 x 10' 

3.92 x 10' 

3.92 x 10' 

3.92 x 10-5 

3.92 x 10' 

3.92 x 10' 

3.92 x 10'' 

3.92 x 10.' 

3.92 x 10' 

3.92 x 10' 

3.92 x 10.' 

3.92 x 10-5 

3.92 x 10' 

3.92 x 10' 

3.29 x IO4 

1.65 x 10' 6.09 x lo9 4.47 x 108 6.64 x 10' 

2.61 x 10' 1.16 x lo9 2.64 x 10-8 3.54 x 10'' 

1.65 x 10' 6.09 x lo9 4.47 x 108 6.64 x 10' 

1.65 x 10' 6.09 x 109 4.47 x 108 6.64 x IO" 

1.65 x 10' 6.09 x lo9 4.47 x 10-8 6.64 x 10' 

1.65 x 10' 6.09 x lo9 4.47 x 10-8 6.64 x 10' 

1.65 x 10' 6.09 x lug 4.47 x 10-8 6.64 x 10' 

1.65 x 10' 6.09 x lo9 4.47 x 10-8 6.64 x 10 '  

1.65 x IO' 6.09 x lo9 4.47 x 10-8 6.64 x 10' 

1.65 x IO' 6.09 x lo9 4.47 x 10-8 6.64 x 10' 

1.65 x 1 0 '  6.09 x IO9 4.47 x 10-8 6.64 x 10' 

1.65 x 10' 6.09 x lo9 4.47 x 10-8 6.64 x 10' 

1.65 x IO' 6.09 x lo9 4.47 x 10-8 6.64 x 10' 

1.65 x 10' 6.09 x lo9 4.47 x 10-8 6.64 x 10' 

1.65 x 10' 6.09 x IO9 4.47 x 10-8 6.64 x 10' 

1.65 x lo' 6.09 x 4.47 x 10.' 6.64 x 10.' 

1.70 x 10' 1.80 x lo9 2.20 x 10' 1.02 x 10" 
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TABLE HA-9 

RESIDUAL ORGANIC EMISSION RATES 

Organic Emission Rates, Including Background (pg/s/m2) 

Source Group Aroclor-1254 Benzo(a)py&ne Trichloroethane 

56Oa 1.39 x lo9 4.06 x lo1' 3.76-11 

560b 0.00 4.06 x 10" 0.00 

56oc 

56Od 

570a-North 

0.00 

0.00 

0.00 

4.06 x 10" 0.00 

4.06 x 10" 0.00 

4.06 x 10" 0.00 

570a-South 7.52 x 1 0 9  4.06 x 10'' 5.95 x 10" 

570b 0.00 4.06 x 10'' 0.00 

57oc 0.00 4.06 x 10" 0.00 

57Od 0.00 4.06 x 10" 0.00 

57oe 

575a 

57% 

580a 

0.00 

9.41 x 10" 

1.55 x 10-9 

9.73 x lo-'' 

4.06 x 10" 0.00 

4.06 x 10" 

4.06 x 10'' 

4.06 x 10'' 

4.30 x 10" 

4.44 x 10" 

4.65 x lo-" 

581a 0.00 4.06 x 10" 0.00 

581b 0.00 4.06 x 10:'' 0.00 

581c 0.00 4.06 x 10" 0.00 

581d 0.00 4.06 x 10" 0.00 

582a 

582b 

WPAa 

NEbEast 

NEbNortb 

WPAOUl 

SP 

AFP 

SWL 

U P  
WPAOU4 

4.24 x 10'' 

0.00 

0.00 

0.00 

4.31 x 10" 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 . . . '.. .' . 

4.06 x 10'' 

4.06 x 10" 

4.06 x 10" 

4.06 x lo-'' 

4.06 x IO-'' 

4.06 x 10" 

4.06 x 10" 

4.06 x 

4.06 x 18" 

4.06 x 10" 

4.06 x 10" 

4.06 x 10'' 

3.85 x 10" 

0.00 

0.00 

0.00 

3.92 x lo-" 

0.00 . 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 



TABLE H.II-9 
(Continued) 

FEMP-OSFS-4 DRAFT 
November 14. 1994 

Organic Emission Rates, Including Background (pg/s/m? 

Source Group Atoclor-1254 Benzo(a)pyrene Trichloroethane 

PAb 

PAC 

PAd 

PAe 

PAf 

PAg 

PAh 

PAi 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

9.12 x 10l0 

4.06 x 1 0 ' O  

4.06 x 10" 

4.06 x 10" 

4.06 x 10" 

4.06 x 10" 

4.06 x 10" 

4.06 x 10" 

4.06 x 10" 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

3.76 x 10" 

FER\CRUS~S\APP-H-IIWOV~~O. 19W l l : 2 8 ~ 1  H-11-24 
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TABLE HA-10 

BACKGROUND CONTAMINANT EMISSION RATES 

Contaminant Representative Background Emission Rate 

Radionuclides (pCi/g) 

Ra-226 2.48 x 10" 

Rn-222 3.27 x 10' 

Sr-90 5.08 x lo9 
Tc-99 0.00 

Th-230 3.05 x 10-8 

Th-232 2.19 x IO8 

U-235/236 1.83 x lo9 
U-23 8 2.19 x 10" 

Inorganics (mg/kg) 

Antimony 

Arsenic 

Beryllium 

Cadmium 

Magnesium 

Manganese 

Mercury 

Silver 

Uranium - Total 

H-11-25 

7.41 x 10" 

1.13 x lo" 
1.22 x 

1.06 x I O 8  

3.92 x 10' 

1.66 x 10.' 

5.08 x lo9 
4.47 x lo8 
6.64 x 10" 



FEMP-OSFS-4 DRAFT 
November 14, 1994 

H.II.5 GASEOUS CO NTAMINANT EMISSION RATES 
Emissions of Rn-222 were estimated for all exposed soil areas. Rn-222 emissions were determined 
from the Ra-226 concentrations in the contaminated soil using the RAECOM model algorithms 
developed for the NRC (NRC 1984). The model accounts for the half-lives of radon and' radium as 
well as the density, porosity, moisture content, and depth of contaminated layers and cover layers in 
estimating Rn-222 emission rates. The model converts Ra-226 soil concentrations (in pCi/g) to Rn- 
222 fluxes (in pCi/s/m2). The basic equations for estimating Rn-222 emissions from bare soil is 
presented below (NRC 1984): 

where 
J, = 
R =  
P =  
E =  
A =  

Dt = 
x , =  

104 = 

(H.11- 1-5) 

radon flux from the soil surface @Ci/s/m2), 
activity concentration of Ra-226 in soil @Ci/g), 
dry bulk density of soil (g/cm3), 
radon emanation coefficient (assumed to be 0.22 from NRC 1984), 
decay constant of radon (= 2.1 x lod Us), 
diffusion coefficient of radon in the total pore space (cm2/s), 
thickness of contaminated soil (assumed to be 300 cm for surface soil), and 
conversion factor for m2 to cm2. 

The RAECOM model input parameters and results are presented in Table H.11-I 1 .  The model output 
files are presented in Table H.11-12. 

H.II.6 METEOROLOGICAL DATA 
Meteorological data characterizing the transport and dispersion conditions of an area are needed as 
input to the ISCLT2 model. These data include wind speed, wind direction, atmospheric stability, 
ambient air temperature, and mixing height. Measurements for all of these meteorological 
parameters, except mixing height, have been recorded at the FEMP site as part of a comprehensive 
environmental monitoring program since August 1986. 

Direct measurements of wind speed, wind direction, and ambient air temperature were taken at a 
height. of 10 meters above the ground. Atmospheric stability was derived from direct measurements 
of the standard deviation of the horizontal wind direction (us) during the day and the low-level 
temperature difference (AT) at night. Measurements of a, were taken at a height of 60 meters above 
the ground. The temperature difference was calculated from air temperature measurements taken at 
60 and 10 meters above the ground. Site-specific hourly measurements were obtained for 1987 
through 1992, excluding 1990 due to poor data recovery. A five-year composite joint frequency 

9 

IO 

11 

12 

13 

14 

1.5 

16 

l Y  

23 

24 

25 

26 

21 

28 

29 

30 

31 

32 

33 

34 
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distribution of windspeed, wind direction, and atmospheric stability is 
. The composite distribution was used in the ISCLT;! dispersion model. 

presented 

.. 6349  
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in Table H.11-13. 
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TABLE H.11-11 
RAECOM MODEL INPUT PARAMETERS AND RESULTS 

FEMP-OSFS-4 DRAFT 
November 14, 1994 

Soil Rn-222 
Total Ra-226 Soil Bulk Layer Moisture Emission 

Source Soil Conc. Density Thickness Soil Content Rate 
Group @ C W  (g/cm3) (cm) Porosity (dry Wt%) @Ci/s/m2) 

560a 

560b 

5 6 0 C  

560d 

570a-North 

570a-South 

570b 

570c 

57od 

570e 

575a 

575b 

580a 

581a 

581b 

581c 

581d 

582a 

582b 

WPAa 

NEb-Eat 

NEb-North 

WPAOUl 

SF 
AFP 
SWL 
U P  

0.92 

1.22 

1.22 

1.22 

1.22 

1.23 

1.22 

1.22 

1.22 

1.22 

5.00 

1.82 

5.00 

1.22 

1.22 

1.22 

1.22 

2.97 

1.22 

1.22 

1.22 

0.9 1 

1.22 

1.22 

1.22 

1.22 

1.22 

1.44 

1.44 

1.44 

1.44 

1.44 

1.44 

1.44 

1.44 

1.44 

1.44 

1.44 

1.44 

1.44 

1.44 

1.44 

1.44 

1.44 

1.44 

1.44 

1.44 

1.44 

1.44 

1.44 

1.44 

1.44 

1.44 

1.44 

FER\CRUS\APXSV\PP-HW-IIWovemberlO. 195U 1 I:28am 

45 

45 

45 

45 

45 

45 

45 

45 

45 

45 

45 

45 

45 

45 

45 

45 

45 

45 

45 

45 

45 

45 

45 

45 

45 

45 

45 

H-11-28 

0.457 

0.457 

0.457 

0.457 

0.457 

0.457 

0.457 

0.457 

0.457 

0.457 

0.457 

0.457 

0.457 

0.457 

0.457 

0.457 

0.457 

0.457 

0.457 

0.457 

0.457 

0.457 

0.457 

0.457 

0.457 

0.457 

0.457 

16.9 

16.9 

16.9 

16.9 

16.9 

16.9 

16.9 

16.9 

16.9 

16.9 

16.9 

16.9 

16.9 

16.9 

16.9 

16.9 

16.9 

16.9 

16.9 

16.9 

16.9 

16.9 

16.9 

16.9 

16.9 

16.9 

16.9 

(BCd2%7 

0.2361 

0.3269 

0.3269 

0.3269 

0.3269 

0.3269 

0.3269 

0.3269 

0.3269 

0.3269 

1.340 

0.4722 

1.340 

0.3269 

0.3269 

0.3269 

0.3269 

0.781 

0.3269 

0.3269 

0.3269 

0.2361 

0.3269 

0.3269 

0.3269 

0.3269 

0.3269 
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TABLE H.11-11 
(Continued) 

Soil Rn-222 
Total Ra-226 Soil Bulk Layer Moisture Emission 

Source Soil Conc. Density Thickness Soil Content Rate 
Group @Ci/g> (g/cm3) (cm) Porosity (dry Wt%) (pCi/s/m2) 

WPAOU4 1.22 1.44 45 0.457 16.9 0.3269 

PAa 

PAb 

1.22 1 .44  45 0.457 16.9 0.3269 

1.22 1.44 45 0.457 16.9 0.3269 

PAC 1.22 1.44 45 0.457 16.9 0.3269 

PAd 

PAe 

1.22 1.44 45 0.457 16.9 0.3269 

1.22 1.44 45 0.457 16.9 0.3269 

PAf 1.22 1.44 45 0.457 16.9 0.3269 

PAg 
PAh 

1.22 1.44. 

1.22 1.44 

45 0.457 16.9 0.3269 

45 0.457 16.9 0.3269 

PAi 1.62 1.44 45 0.457 16.9 0.4359 

Off-Property 0.90 1.44 45 0.457 16.9 0.2361 D 

H-11-29 
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FEMP-05FS-4 DRAFT 
November 14. 1994 

TABLE H.11-12 

RAECOM MODEL OUTPUT 

OUS RESIDUAL EMISSIONS: Ra-226r0.92 pCi/g, 560a, NEb-North . 

NUMBER OF LAYERS: 1 
RADON FLUX INTO LAYER 1: .OOO pCi/m2/sec 
SURFACE RADON CONCENTRATION: .OOO pCi/LITER 
BARE SOURCE FLUX (Jo) FROM LAYER 1: .2361 pCi/m2/8ec 

LAYER THICKNESS DIFF COEFF POROSITY SOURCE . MOISTURE 
(cm) (cm2/SEC) (pCi/cm3/sec) jdry wt.%) 

1 45. .lo44 x 10'' .4570 .1300 x 10' 
16.90 

***** RESULTS OF RADON DIFFUSION CALCULATION***** 
LAYER THICKNESS EXIT FLUX 

(cm) (pCi/mZ/sec) 

1 45. .2361 x 10' 

H-11-30 

EXIT CONC. MIC 
(pci/liter) 

.oooo x 100 .5988 
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TABLE H.11-12 
(Continued) 

OU5 RESIDUAL EMISSIONS: Ra-22611.22 pCi/g, Background 

NUMBER OF LAYERS: 1 
RADON E'LUX INTO LAYER 1: .OOO pCi/m2/sec 
SURFACE RADON CONCENTRATION: .OOO pCi/LITER 
BARE SOURCE FLUX (Jo) FROM LAYER 1: .3269 pCi/m2/sec 

POROSITY SOURCE MOISTURE 
(cm) (cmZ/SEC) (pCi/cm3/sec) jdry wt.%) 

LAYER THICKNESS DIFF COEFF 

1 45. .lo44 x lo-' .4570 .1800 x 10- 
16.90 

***** RESULTS OF RADON DIFFUSION CALCULATION***** 
LAYER THICKNESS EXIT FLUX EXIT CONC. MIC 

(cm) (pCi/m2/sec) (pCi/liter) 

1 45. .3269 x 10' .oooo x 100 .5988 



FEMP-OSFS-4 DRAFT 
November 14, 1994 

TABLE H.11-12 
(Continued) 

OU5 RESIDUAL EMISSIONS: Ra-226=1.62 pCi/g, PAi 

NUMBER OF LAYERS: 1 
RADON FLUX INTO LAYER 1: .OOO pCi/m2/sec 
SURFACE RADON CONCENTRATION: .OOO pCi/LITER 
BARE SOURCE FLUX (Jo) FROM LAYER 1: ,4359 pCi/m2/sec 

LAYER THICKNESS DIFF COEFF POROSITY SOURCE MOISTURE 
(cm) (cmZ/SEC) (pCi/cm3/sec) .jdry wt.%) 

1 45 .lo44 x 10'' .4570 .2400 x 10' 
16.90 

***** RESULTS OF RADON DIFFUSION CALCULATION***** 
LAYER THICKNESS EXIT FLUX EXIT CONC. MIC 

(cm) (pCi/m2/sec) (pCi/liter) 

1 45. -4359 x 100 ..oooo x 100 .5988 

FER\CRU5V\PXSWP-HW-IIWovcmberlO. 1994 11:28m H-11-32 
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TABLE H.11-12 
(Continued) 

OU5 RESIDUAL EMISSIONS: Ra-226=1.82 pCi/g, 5752, 

NUMBER OF LAYERS: 1 
RADON FLUX INTO LAYER 1: .OOO pCi/m2/sec 
SURFACE RADON CONCENTRATION: .OOO pCi/LITER 
BARE SOURCE FLUX (Jo) FROM LAYER 1: -4722 pCi/m2/sec 

LAYER THICKNESS DIFF COEFF POROSITY SOURCE MOISTURE 
(em) (cm2/SEC) (pCi/cm3/sec) -jdry wt.%) 

1 45. .lo44 x 10.' .4570 .2600 x 10' 
16.90 

***** RESULTS OF RADON DIFFUSION CALCULATION***** 
LAYER THICKNESS EXIT FLUX EXIT CONC. MIC 

(cm) (pCi/m2/sec) (pCi/liter) 

1 45. .4722 x 10' .oooo x 100 .5988 



FEMP-OSFS-4 DRAFT 
November 14. 1994 

TABLE H.11-12 
(Continued) 

OU5 RESIDUAL EMISSIONS: Ra-226~2.97 pCi/g, 582a 

NUMBER OF LAYERS: 1 
RADON FLUX INTO LAYER 1: .OOO pCi/m2/sec 
SURFACE RADON CONCENTRATION: .OOO pCi/LITER 
BARE SOURCE FLUX (Jo) FROM LAYER 1: .7810 pCi/m2/sec 

LAYER THICKNESS DIFF COEFF POROSITY SOURCE MOISTURE 
(cm) (cmZ/SEC) (pCi/cm3/sec) .{dry wt.%) 

1 45. .lo44 x 10" .4570 .4300 x 10- 
16.90 

***** RESULTS OF RADON DIFFUSION CALCULATION***** 
LAYER THICKNESS EXIT FLUX EXIT CONC. MIC 

(cm) (pCi/m2/sec) (pCi/liter) 

1 45. .7810 x 10' .oooo x loo .5988 

H-11-34 OQCZ3EI. 
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TABLE H.11-12 
(Continued) 

NUMBER OF LAYERS: 1 
RADON FLUX INTO LAYER 1: . 000 pci/mi/sec 
SURFACE RADON CONCENTRATION: .OOO pCi/LITER 
BARE SOURCE FLUX (Jo) FROM LAYER 1: 1.340 pCi/m2/sec 

POROSITY SOURCE MOISTURE 
(cm) (cmZ/SEC) (pCi/cm3/sec) jdry wt.%) 

LAYER THICKNESS DIFF COEFF 

1 45 * .lo44 x 10'' .4570 .7269 x 10- 
16.90 

***** RESULTS OF RADON DIFFUSION CALCULATION***** 

LAYER THICKNESS EXIT FLUX EXIT CONC. MIC 
(cm) (pCi/mZ/sec) (pCi/liter) 

1 45. -1340 x 10' .oooo x 100 .5988 

H-11-35 006'234 
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TABLE H.11-13 

FEW STANDARD JOINT FREQUENCY DISTRIBUTION 

Stability Wind Wind Speed (kts) 
Class Direction 5 3  56 s 10 S 16 s21 221 

A N 
NNE 
NE 

ENE 
E 

ESE 
SE 

SSE 
S 

ssw 
sw 

wsw 
W 

WNW 
NW 

NNW 

B N 
NNE 
NE 

ENE 
E 

ESE 
SE 

SSE 
S 

ssw 
sw 

wsw 
W 

WNW 
NW 

NNW 

0.000263 0.000904 0.000904 0.000058 0.000000 0.000000 
0.000292 0.001546 0.00067 1 0.000000 0.000000 0.000000 
0.000817 0.002888 0.001 196 0.000029 0.000000 0.000000 
0.001430 0.004434 0.002042 0.000117 0.000000 0.000000 
0.001050 0.002013 0.000204 0.000146 0.000000 0.000000 
0.000700 0.0008 17 0.000058 0.000000 0.000000 0.000000 
0.000467 0.000438 0.000000 0.000000 0.000000 0.000000 
0.000583 0.000554 0.000000 0.000000 0.000000 0.000000 
0.000700 0.001575 0.001 196 0.000000 0.000000 0.000000 
0.00102 1 0.004347 0.003793 0.000146 0.000000 0.000000 
0.001284 0.005076 0.004755 0.000554 0.000000 0.000000 
0.001750 0.004755 0.003647 0.000204 0.000000 0.000000 
0.000992 0.003880 0.003267 0.000467 0.000000 0.000000 
0.000613 0.001809 0.002626 0.000525 0.000000 0.000000 
0.000583 0.001575 0.001400 0.0001 17 0.000000 0.000000 
0.000350 0.001313 0.001284 0.000058 0.000000 0.000000 

0.000029 0.000817 0.000700 0.0001 17 0.000000 0.000000 
0.0001 17 0.000525 0.000496 0.000058 0.000000 0.000000 
0.000350 0.000963 0.000613 0.000058 0.000000 0.000000 
0.00032 I 0.001459 0.000554 0.000146 0.000000 0.000000 
0.000467 0.00067 1 0.000 175 0.000029 0.000000 0.000000 
0.000263 0.000263 0.000029 0.000000 0.000000 0.000000 
0.000233 0.000204 0.000029 0.000000 0.000000 0.000000 
0.000263 0.000467 0.000088 0.000029 0.000000 0.000000 
0.000408 0.001 138 0.000321 0.000000 0.000000 0.000000 
0.000525 0.001546 0.001313 0.000175 0.000000 0.000000 
0.000613 0.002042 0.002071 0.000233 0.000000 0.000000 
0.0006 13 0.00 1692 0.00 1284 0.000 175 0.000000 0.000000 
0.000671 0.001 167 0.001225 0.000146 0.000000 0.000000 
0.000233 0.000788 0.000875 0.000204 0.000000 0.000000 
0.000263 0.00067 1 0.00102 I 0.000204 0.000000 0.000000 
0.000146 0.000642 0.000904 0.000088 0.000000 0.000000 

FER\CRUS\APXSV\PP-HW-1IWavemberlO. 1954 ll:28am 
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TABLE H.11-13 
(Continued) 

Stability Wind Wind Speed (kts) 
Class Direction 1 3  S6 5 10 5 16 121 221 

C N 
NNE 
NE 

ENE 
E 

ESE 
SE 

SSE 
S 

ssw 
sw 

wsw 
W 

WNW 
Nw 

NNW 

D N 
NNE 
NE 

ENE 
E 

ESE 
SE 
SSE 

S 
ssw 
sw 

wsw 
W 

WNW 
Nw 

NNW 

0.000204 0.000846 0.001079 0.000233 0.000000 0.000000 
0.000175 0.001313 0.000729 0.000058 0.000000 0.000000 
0.000408 0.001488 0.001021 0.000088 0.000000 0.000000 
0.000700 0.001721 0.000438 0.000263 0.000000 0.000000 
0.001050 0.000875 0.000204 0.000058 0.000000 0.000000 
0.000671 0.000583 0.000058 0.000000 0.000000 0.000000 
0.000321 0.000467 0.000088 0.000000 0.000000 0.000000 
0.000146 0.000467 0.000058 0.000058 0.000000 0.000000 
0.000321 0.001 167 0.000554 0.000058 0.000000 0.000000 
0.000554 0.001750 0.001575 0.000058 0.000029 0.000000 
0.000904 0.002742 0.001750 0.000175 0.000000 0.000000 
0.000759 0.002421 0.001254 0.000204 0.000000 0.000000 
0.000788 0.001284 0.001 138 0.000321 0.000000 0.000000 
0.000321 0.001342 0.001254 0.000204 0.000000 0.000000 
0.000233 0.001342 0.001 138 0.0001 17 0.000029 0.000000 
0.000233 0.001079 0.000963 0.000029 0.000000 0.000000 

0.002101 0.008723 0.009219 0.001079 0.000000 0.000000 
0.002830 0.010532 0.008256 0.001 138 0.000000 0.000000 
0.004464 0.013420 0.007498 0.000496 0.000000 0.000000 
0.006331 0.017825 0.009161 0.002042 0.000000 0.000000 
0.004493 0.006127 0.001079 0.000088 0.000000 0.000000 
0.003238 0.002976 0.0001 17 0.000000 0.000000 0.000000 
0.002626 0.002626 0.000350 0.000000 0.000000 0.000000 
0.002801 0.003618 0.001 109 0.000204 0.000000 0.000000 
0.003063 0.006593 0.002888 0.00032 1 0.000000 0.000000 
0.005806 0.014091 0.007439 0.001809 0.000000 0.000000 
0.007848 0.014470 0.008023 0.001050 0.000058 0.000000 
0.008373 0.01 1203 0.006272 0.001 167 0.000000 0.000000 
0.007060 0.01 1553 0.009482 0.001430 0.000000 0.000000 
0.004785 0 .O 104 15 0 .O 106 19 0 .OO 1546 0 .OOOOOO 0 .OOOOOO 
0.003734 0.009044 0.007264 0.000963 0.000088 0.000000 
0.002976 0.008840 0.005631 0.001050 0.000058 0.000000 
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TABLE H.11-13 
(Continued) 

Stability Wind Wind Speed (kts) 
Class Direction s3 56 s 10 5 16 s21 221 

E N 
NNE 
NE 

ENE 
E 

ESE 
SE 

SSE 
S 

ssw 
sw 

wsw 
W 

WNW 
NW 

NNW 

F N 
NNE 
NE 

ENE 
E 

ESE 
SE 

SSE 
S 

ssw 
sw 

wsw 
W 

WNW 
NW 

NNW 

0.003618 0.003880 0.000759 0.000029 0.000000 0.000000 
0.002596 0.003092 0.000788 0.000 175 0.000000 0.000000 
0.002976 0.003472 0.00043 8 0.000000 0.000000 0 .OOOOOO 
0.008694 0.0092 19 0.001809 0.000000 0.000000 0.000000 
0.008 198 0.002742 0.000233 0.000000 0.000000 0.000000 
0.004785 0.001254 0.000146 0.000000 0.000000 0.000000 
0.004843 0.001721 0.000292 0.000000 0.000000 0.000000 
0.005572 0.003413 0.001284 0.000204 0.000000 0.000000 
0.006973 0.007673 0.003355 0.000642 0.000000 0.000000 
0.01 1582 0.014033 0.006798 0.001692 0.000000 0.000000 
0.018496 0.018263 0.007410 0.000671 0.000000 0.000000 
0.017796 0.010328 0.003297 0.000642 0.000000 0.000000 
0.0 12486 0.0 10007 0.004 143 0.000 146 0.000000 0.000000 
0.009482 0.0076 14 0.003297 0.000583 0.000000 0.000000 
0.008344 0.004668 0.001 109 0.000175 0.000000 0.000000 
0.006214 0.003822 0.001079 0.000263 0.000000 0.000000 

0.004988 0.0001 17 0.000000 0.000000 0.000000 0.000000 
0.00525 1 0.000088 0.000029 0.000000 0.000000 0.000000 
0.005076 0.0001 17 0.000000 0.000000 0.000000 0.000000 
0.009102 0.001605 0.0001 17 0.000000 0.000000 0.000000 
0.013361 0.000904 0.000000 0.000000 0.000000 0.000000 
0.008927 0.000058 0.000000 0.000000 0.000000 0.000000 
0.005922 0.00032 1 0.000000 0.000000 0.000000 0.000000 
0.005456 0.000 175 0.000000 0.000000 0.000000 0.000000 
0.007002 0.000467 0.000000 0.000000 0.000000 0.000000 
0.01 1815 0.001 196 0.000263 0.000000 0.000000 0.000000 
0.019576 0.002101 0.000029 0.000000 0.000000 0.000000 
0.02681 1 0.001867 0.000058 0.000000 0.000000 0.000000 
0.029757 0.000671 0.000029 0.000000 0.000000 0.0.00000 
0.0293 19 0.000233 0.000029 0.000000 0.000000 0.000000 
0.022785 0.000758 0.000058 0.000000 0.000000 0.000000 
0.01 1523 0.000876 0.000058 0.000000 0.000000 0.000000 

H-11-38 
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B Mixing heights were determined from twice daily atmospheric soundings made by the National 
Weather Service. The nearest station is in Dayton, Ohio. 

H.II.7 RECEPTOR LOCATIONS 
As previously stated, the objective of the air transport analysis was to determine the maximum on-and 
off-property contaminant concentrations for risk assessment calculations. Two rectangular receptor 
grid systems were used to determine the maximum on-property concentrations and approximate 
locations. 

The first grid consisted of 676 receptor points in a 400 x 400 foot pattern which extended over the 
entire FEMP property. The 1927 State Planar coordinate system was used to identify receptor 
locations. The first grid extended from 1,375,000 feet east, 475,000 feet north to 1,385,000 feet 
east, 485,000 feet north. The second grid consisted of 360 receptor points also in a 400 x 400 foot 
pattern located over the center of the FEMP. The second grid was offset 200 feet north and 200 feet 
east of the first grid, resulting in an effective 283 x 283 foot pattern over the center of the FEMP. 
The second grid extended from 1,376,800 feet east, 476,000 feet north to 1,383,600 feet east, 
483,600 feet north. 

B Thirty-six fenceline receptor points located around the FEMP were included in the air transport 
analysis to identify the maximum off-property receptor. These fence1 ine receptor locations were 
determined from the intersection of the FEMP fenceline and imaginary lines extending in 36 
directions at lodegree intervals from a point located at 1,38 1,000 feet east, 480,000 feet north. The 
analysis results for the fenceline receptor with the highest air quality impacts are reported as the 
maximum off-property concentrations in Section H.II.10. 

Figure H.II-3 shows the layout of the receptor grid considered in the air dispersion modeling. 
Because the concentrations were used primarily to estimate the inhalation pathway risk for outdoor 
activities, the receptors were assumed to be 1.5 meters above the ground to simulate a typical 
person's breathing height for outdoor activities (EPA 1989b). The variation of ground level 
concentration within 0 to 1.5 meters is negligible. 

In addition, an off-property grid of 196 receptor points were modeled over an approximately 20-acre 
farm. This grid was used to model the transport of off-property contaminated soil to the off-property 
target receptors. 

H.II.8 DISPERSION COEFFICIENTS 
The selection of rural or urban dispersion coefficients for use in the ISCLT2 model was based on a 
land-use typing procedure to determine whether the characteristics of the area around the FEMP are 
primarily rural or urban. The procedure involved classifying the land use within an area 
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B circumscribed by a 3-kilometer radius about the site. Urban dispersion coefficients were 
recommended for use if land-use types of heavy industrial, light-to-moderate industria!, commercial, 
singleampact residential, and multi-compact residential account for 50 percent or more of the area. 
Otherwise, rural dispersion coefficients were recommended. 

A review of U.S. Geological Survey (USGS) maps and a site survey of the area indicated that 
industrial, commercial, and compact residential land use comprise no more than 10 percent of the 
area within a 3-kilometer radius of the site. Therefore, the area was classified as rural for the 
purpose of air dispersion modeling, indicating the use of rural dispersion coefficients would be 
appropriate. 

H.II.9 MODEL OUTPUT PROCESSING 
The air dispersion modeling analysis was simplified by running the ISCLT2 model with an assumed 
emission rate of 1.0 g/s/m2 or 1.0 pCi/s/m2 for each area source. The source group and plot tile 
options of the ISCLT;! program were used to group sources with identical emission rates and write 
the grouped results to a plot file. The ISCLT2 source group results were multiplied by the 
contaminant emission rates listed in Tables H.11-7 through H.11-9 to determine the contaminant- 
specific annual concentrations presented in Section H.II.10. Spreadsheets were used to calculate the 
contaminant-specific air concentrations from the ISCLT2 mode! output and emissions data in Tables 
H.11-7 through H.11-9. D 
H.II.10 RESULTS OF AIR DISPERSION MODELING 
This section presents the modeled air concentration for each COC. In addition, the modeled 
concentrations of several radionuclides are compared to the monitored air concentrations from 
previous years to determine the effectiveness of mitigation measures and to identify the magnitude of 
uncertainties in the analysis. 

H.II. 10.1 Modeled Air Concentrations 
The modeled maximum annual average contaminant air concentrations are presented in Tables H.11-14 
through H.11-16. The values presented in Table H.11-14 are the maximum on-property 
concentrations, and the values presented in Table H.11-15 are the fenceline concentrations. The 
modeled off-property air concentrations due to off-property soil contaminations are presented in Table 
H.II-16. Total and background air concentrations have been included on each table. Based on the 
results presented in the Operable Unit 4 CRARE, the maximum off-property concentrations were used 
to represent average on-property concentrations for receptors that were assumed to roam or wander 
over the property. 
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TABLE H.11-14 

MAXIMUM ON-PROPERTY RESIDUAL COC CONCENTRATIONS IN AIR 

Concentrations in Air 

COC Total Background 

Inorganics bg/m3) 

Antimony 2.79 x 10" 2.33 x lo6 
A f s e n i C  3.86 x 10" 3.55 x 10-6 

Beryllium 4.56 x lo7 3.83 x 1 0 7  

Cadmium 3.91 x 10' 3.32 x 1 0 7  

Magnesium 5.71 x 1 0 3  1.23 x 10' 

Manganese 5.21 x I O 4  5.19 x LO4 

Mercury 1.71 x I O 7  1.91 x 1 0 7  

Silver 1.32 x 10" 1.40 x 10" 

Uranium - Total 1.16 x 10' 2.09 x 

Organics @g/m') 

Aroclor-1254 

Benzo(a)pyrene 

Trichloroethene 

Radionuclides (pCi/m3) 

Ra-226 

Rn-222 

Sr-90 

Tc-99 

Th-230 

Th-232 

U-235/236 

U-23 8 

5.27 x 10" 

1.28 x 10' 

7.70 x 10"' 

1.57 x 10" 

' 2.20 x 10' 

2.38 x lo7 
1.59 x I O 7  

1.80 x 1 0 6  

6.97 x lo7 
5.27 x 10" 

3.87 x lo6 

F E R \ C R U S \ A P X S W P - H - l I W ~ ~ l O .  1994 11:28am 

0.00 

0.00 

0.00 

7.78 x lo7 
1.13 x 10' 

1.59 x 1 0 7  

9.57 x 1 0 7  

6.89 x 10-7 

6.89 x 10-7 

0.00 

5.74 x 1 0 8  
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TABLE H.11-15 

MAXIMUM FENCELINE RESIDUAL CONTAMINANT COCs CONCENTRATIONS IN AIR 

Concentrations in Air 
~ ~~~ 

COC Total Background 

Inorganics GCg/m? 

Antimony 2.02 x 104 2.02 x loa 
Arsenic 

Beryllium 

Cadmium 

Magnesium 

Manganese 

Mercury 

Silver 

Uranium - Total 

Organics (pg/m') 

Aroclor-1254 

Benzo(a)pyrene 

Trichloroetbene 

Radionuclides (pCi/m') 

Ra-226 

Rn-222 

sr-90 

TC-99 

Th-230 

Th-232 

U-2351236 

U-23 8 

3.16 x 106 

3.46 x lo7 

3.03 x lo7 

3.07 x 

3.32 x lo7 
2.87 x lo7 

1.84 x lo3 1.07 x 1 0 3  

4.46 x 104 4.50 10-4 

1.48 x lo7 1.66 10-7 

1.13 x l o 6  

1.07 x lo'' 

1.58 x 10' 

1.11 x 10' 

4.42 x lo-'' 

8.16 x lo7 

1.13 x 10' 

1.86 x lo7 
1.38 x lo7 
1.25 x I O 6  

6.01 x lo7 
4.65 x 10' 

3.56 x loa 

1.22 x lo6 
1.81 x 10-6 

0.00 

0.00 

0.00 

6.74 x lo7 
9.46 x 10' 

1.38 10-7 

0.00 

8.29 x lo7 
5.97 x 1 0 7  

5.97 1 0 7  

4.97 x 10' 

H-11-43 oocz42 
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TABLE H.II-16 

MAXIMUM OFT-PROPERTY RESIDUAL CONTAMINANT COCS IN AIR 

Concentrations in Air 

Contaminant Total Background 

horganics (pg/m') 

Antimony 2.94 x 1 0 7  8.24 x 1 0 7  

Beryllium 1.01 x 1 0 7  1.35 x 107 

Cadmium 1.11 x 1 0 7  1.17 x 1 0 7  

Magnesium 4.95 x 104 4.36 x 

Arsenic 8.55 x 1 0 7  1.26 x IO6 

Manganese 1.46 x 104 1.84 x 10-4 

Mercury 1.24 x 10-8 6.77 x IO8 

Silver 1.08 x 1 0 7  4.97 x 1 0 7  

Uranium - Total 1.62 x lod 7.38 x lo7 

Organics (pg/rn') 

Aroclor-1254 

Benzo(a)pyrene 

Trichloroethene 

Radionuclides (pCi/m') 

Ra-226 . 

Rn-222 

Sr-90 

Tc-99 

7%-230 

Th-232 

U-2351236 

U-238 

4.97 x 1 0 9  

4.51 x I O y  

4.51 x 10"  

2.03 x lo7 
2.63 x 100 

5.98 x IO8 

2.74 x lo7 

3.98 x 1 0 7  

2.00 10 7  

2.53 x 1P 
5.42 x lo7 

0.00 

0.00 

0.00 

FER\CRUS\APXSWP-HW-IIWovanbcrlO. 1994 ll:28am H-11-44 
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2.75 x lo7 
1.36 x 10' 

5.64 x IO-' 

0.00 

3.39 x 1 0 7  

2.aX 1 0 7  

2.44 x 1 0 7  

2.03 x 10-8 
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D Modeled concentrations of U-238 represent typical particulate-phase radionuclide activity. The 
maximum total on-property and fenceline concentrations of U-238 were modeled at 3.87 x 10" and 
3.56 x 106 pCi/m3, respectively. Residual concentrations in air, above background, are 3.18 x 10" 
and 2.96 x lob pCi/m3, respectively, for maximum on-property and fenceline impacts. Isopleths of 
U-238 concentrations are presented on Figure H.II-4. 

Modeled air concentrations of gaseous Rn-222 on property and at the fenceline are 22.0 and 11.3 
pCi/rn', respectively, based on total, residual Ra-226 soil concentrations. After correcting for 
background Ra-226 soil concentrations, the on-property and fenceline Rn-222 concentrations were 
modeled at 10.7 and 1.84 pCi/m3, respectively. Isopleths of Rn-222 concentrations are presented in 
Figure H.11-5. 

The total impacts to the off-property target receptors must include contributions from both on- and 
off-property residual contamination. The off-property contribution to the air pathway is represented 
in Table H.11-16. The contribution from on-property contamination must be estimated from the 
fenceline air concentrations. For this CRARE, the off-property farm was assumed to be located 
approximately 1200 feet east of the FEMP eastern fenceline (near an existing off-property water 
well). The on-property impacts to this location were determined by dividing the fenceline air 
concentration vab le  H.11-15) by 2.3 to account for dispersion over distance (EPA 1992b). These 
results are added to the values in Table H.11-16 to determine the air pathway impact from on- and off- 
property contamination to the off-property target receptors. 

D 

H.II.10.2 Conmarison to Monitored Air Concentrations 
The maximurn annual fenceline concentration of several radionuclides measured during 1991 and 1992 
(DOE 1993c) are presented in Table H.11-17. A comparison of modeled future fenceline 
concentrations with currently measured values indicates that remediation of the site would reduce off- 
property air impacts by 1 to 2 orders of magnitude. 
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TABLE H.11-17 

ANTICIPATED AIR COC CONCENTRATION AT FENCELINE 
AFI'ER COMPLEI'ION OF REMEDIAL ACTIVITIES 

Monitored Conc. (pCi/m3) 

Modeled Conc. Anticipated 
Radionuclide @Ci/m3) 1991 1992 Reduction (9%) 

Ra-226 8.16 x 10-7 < 5.9 x los 1.0 x lo" 98-99 

Rn-222 

Sr-90 

TC-99 

1.13 x 10' 3.1 x loZ 1.7 x loZ 93-96 

1.86 x 10-7 < 7.8 x 1 0 5  No Data 99 

1.38 x 10-7 1.5 105 1.1 x 1 0 3  99 

Th-230 1.25 x 10" 2.1 x l o 5  < 3.3 x l o 5  94-96 

Th-232 

U-2351236 

U-238 

Source: DOE 1993 

6.01 x 10-7 1.3 x 10-5 < 4.0 x 1 0 5  95-98 

4.65 x 10* 7.4 x IOd 5.4 x lo" 99 

3.56 x lod 1.2 x lo4 9.8 x 10' - 96-97 . 
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INTEROFFICE 

To: 

LOC4dOW 

From: 

Leescion: 

Extension: 

Grordon Monogement corpororiorr 

MEMORANDUM 

Tom Anderson 
Cheri Smyser 

Fernald, T-80 

Mark Cherry 3n/PC 
Fernald, T-80 

738-6816 

D4u: May 11, 1994 

Rrforonco: 

Client: DOE DE-AC05-920R2 1972 

Subjrn: Technical Direction and 
Clarification for Conducting 
Surface Soil Sampling 

c: File Record Storage Copy 106.4.19 

This memo provides technical direction and clarification for conducting.surface soil sampling in 
support of air modeling for the baseline risk assessment. 

o Samples should be collected from the seven locations identified on the attached map 
(Attachment 1). 

0 Surface soil sampling protocols outlined in the attached EPA procedure (Attachment 
2) and Appendix K of the SCQ should be followed. 

0 All samples should be field screened for betalgamma activity and recorded in the field 
log. A Radiation Technician should be present during all sampling activities. 

0 Samples should be transported to the FERMCO lab for sieving. 

0 , Samples should be split at the lab into two equal fractions. One sample fraction should 
be sieved immediately and the other should be allowed to air dry for 24 hours prior to 
sieving. 

0 Samples should be sieved per the attached EPA procedure (Attachment 2). 

0 The health and safety requirements defined in the Health and Safety Plan for the 
Surface and Subsurface Soil Sampling Investigation (WBS No. 50.03.18, June 1993) 
as amended in the attached memo (Attachment 3) must be followed. 

If you have any questions or require additional information, please contact me at your earliest 
convenience. 



ATTACHMENT I . .  
~ ... : .,., , . 
- i :  * . .I . I... .. . 

.o 

LEGEND: 

0 SOIL S A M P L I N G  L O C A T I O N  

----- FEMP BOUNDARY 

S C A L E  

1200 600 0 1200F. . 
- 

FIGURE 2-X. SURFACE SOIL SAMPLING LOCATIONS 
TO SUPPORT A I R  PATHWAY MODELING 



FIELD PROCEDURE FOR DETERMINATION OF THRESHOLD FRICTION VELOCITY* 

1. Prepare a nest o f  sieves with the following openings: 4 m, 2 mm, 
1 mn, 0.5 nxn, 0.25 uun. 
(0.25 mm opening). 

Collect a sample representing the surface layer of loose particles 
(approximately 1 cm in depth for  an uncrusted surface), removtng 
any rocks larger than about 1 cm i n  average physical diameter. 
area to be sampled should not be less than 30 cm x 30 cm. 

Pour the sample into the top sieve (4 mm opening), and place a lid 
an the top. 

Place a collector pan below the bottom sieve 

2. 

The 

3 .  

4 .  Rotate the covered sieve/pan unit by hand using broad sweeping arm 
motions in the horizontal plane. Complete 20 rotations at a speed 
just necessary to achieve sone relative horizontal motion between 
the sieve and the particles. 

Inspect the relative quantities.of catch within each sieve and de- 
termine. where the mode in the aggregate site distribution lies, i . e . ,  
between the opening size o f  the sieve vith the largest catch and the 
opening size of the next largest sfeve. 

I 5. 

' AdaDted f r o m  a laboratory procedure published by W. 5 .  Chepil (1952). 



ATTACHMNT CII 

Rastadon Manogemeni Corpomtion 

INTEROFFICE MEMORANDUM 

to: Greg Johnson 

L-dm: Fernald, T-80 

D.t.: May 12. 1994 

Rdarona: 

FERMCO 8: M:CRU5:94-0216 

Chnc: DOE DE-AC05-920R2 1972 

Subjaet: Health and Safety Plan 

C: File Record Storage Copy 106.4.19 
Tom Anderson 
Cheri Smyser 

The anached health and safety plan is applicable to the air model surface soil sampling with the following 
modifications: 

0 In reference to Section 13.1.1: Replace A n  Bomberger with Dave Brettschneider as 
CRUS Project Director; also, add Mark Cherry as CRUS Project Manager. 

0 Replace item 1. on page 19 with the following statement: 
1. The project will consist of collecting soil samples in non-production areas of the 

FEW. The soil will be collected at a depth interval of 0-3 inches (maximum). 

e Replace item 2.b. on page 20 with the following statement: 
2.b. A RCT will accompany the samples during sampling activities. In addition, ail 

sample team members will be radiological worker trained to the RAD II level. 

0 Delete item 2.e. on page 20 ‘Prior to the implementation of ...‘ 
0 Add to item 2: The samplers shall take care to avoid poison ivy, bees and other bio- 

hazards; and shall check periodically for ticks. 

0 Page 24: Provide a map of the sampling locations. 

Also anached is a memo describing the work to be performed. If you are in agreeme 
of this memo, please sign on the line below. 

Concurrence 

MTC:TAA:daz 
Attachment 
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FIELD ACT1VlTY DAILY LOG 

ATHER CONDITIONS: 
7 =c4.*. 

-NU CALIBRATED BY 

U S I N G  
LOT t \, 

-4L -&L\ Q k C W <  L Y o L -  $0- *, k%= 
S J T O ~ S  ON *E. 

1 MPO R TAN 1 TE LE P HO N E CA L Ls: 

*-NU - CALIBRATED BY 

NO 
SIONS. 

I 

I '  
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'PERVISOR 
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- - 
FIRST ROUND ANALYSIS (UNDRIED SAMPLtj AMSS-1: 

4 
4 

16 May 1994 
Sieve Soil Percent 
Size Retained Composition 

186.2682 
(96) --.---- . . (mm) -----.__ (9) -. - 

4 
4 

- 4  
4 

2 
2 

1 
0.5 
0.25 

bottom pan 

- 3  

TOTAL (4 mm) 

TOTAL (2 mm) 

GRANDTOTAL 

8 ca 
c3 
2'3 
W, 
4 

150.5971 
174.521 7 
162.4734 
130.2578 
157.4585 

961 -5767 
158.2942 
172.7507 

331 -0449 
163.6233 
63.9924 

4.7865 
0.5033 

1525.5271 

- 
- 

- 
- 
- 

63.0324 - 
- 

21.7004 
10.7257 
4.1948 
0.31 38 
0.0330 

100.0000 

.- 

AMSS-1 UNDRIED 

. ,  



AMSS-1: SECOND ROUND ANALYSIS (DRIED SAMPLE) 
17 May 1994 

Sieve Soil Percent 
Size Retained Composition 

________ ---I. . .. . ..- (mm) (9) (%I 
4 109.9244 . -  

4 

2 
2 

1 
0.5 
0.25 

bottom pan 

TOTAL (4 mm) 

TOTAL (2 mm) 

GRAND TOTAL 

30.2724 
140.1 968 
142.7920 
149.3075 

292.0995 
11 1.4850 
69.4273 
26.3671 
6.2803 

645.8560 

- 
21.7071 - 
- 

45.2267 
17.2616 
10.7497 
4.0825 
0.9724 

100.0000 

AMSS-1 DRIED 

, 



:- :w 
AMSS-2: FIRS? ROUND ANALYSIS (UNDRIED SAMPLE) 
24 May 1994 

Sieve Soil Percent 
Size Retained Composition 

4 

, .  2 
2 
2 
2 
2 
2 

1 
0.5 
0.25 

TOTAL (4 mm) 

-II 
I.. : 

,:...., 
> .. 
.. .I 

- _.. 
.. -, ;. 
.._ _- :. 
i c  

TOTAL (2 mm) 

bottom pan 
GRAND TOTAL 

120.9280 
291.1 167 
176.5287 
148.7673 
152.7739 
133.1 967 
154.0193 
102.4 1 38 

867.6997 
62.7759 
24.2057 

3.8942 
0.61 45 

1250.3867 

- 
- 

23.2821 
- 
- 
- 
- 
- 
- 

69.3945 
5.0205 
1.9423 
0.31 14 
0.0491 

100.0000 

Bottom Pan 0.04% 



AMSS-2: SECOND WOUND ANALYSIS (DRIED SAMPLE) 
25 May 1994 

Sieve Soil Pescent 
Slze Retalned Composition 

4 
4 
4 
4 
4 

TOTAL (4 mm) 
TOTAL (2 mm) 2 

1 
0.5 

0.25 
bottom pan 

GRAND TOTAL 

172.6359 
164.4926 
182.0699 
153.4438 
179.5860 

989.1 629 
109.3867 
84.5820 
24.2857 
3.8942 
0.61 45 

1102.5393 

- 
- 
- 
- 
- 
- 

89.71 68 
9.921 3 
7.671 6 
2.2027 
0.3532 
0.0557 

100.0000 

, 

M S S - 2  DRIED 



:- !- 

AMSS-3: FIRST ROUND ANALYSIS (UNDRIED SAMPLE) 

Sieve Soil Percent 
Size Retained Composition 

24 May 1094 

(m-!?) --.. (9) _---- ("w . 
4 230.4405 - 
4 292.0446 - 
4 90.651 - 

2 21 0.1 42 - 
-. - I 2 21 2.5559 - 

TOTAL (2 mm) 2 422.6979 36.0343 
-- *) 1 1 10.4759 9.4 179 
-_ .. 0.5 24.6021 2.0973 

0.25 1.5620 0.1 332 
bottom pan 0.5689 0.0485 

GRAND TOTAL 1 173.0429 100.0000 

TOTAL (4 mm) 613.1361 52.2689 
c 

\-c 

AMSS-3 UNDRIED 

,,'* 



AMSS-3: SECOND ROUND ANALYSIS (DRIED SAMPLE) 
25 May 1994 

Sieve Soil Percent 
size Retained Composition 

4 221 5245 
4 201.1976 
4 192.5464 
4 293.3461 
4 ' 217.8029 

TOTAL (4 rnm) 1400.851 0 
2 84.01 98 
1 125.8425 
0.5 99.1 030 
0.25 20.8473 

bottornpan * 1.1642 
10 TOTAL 1731.8278 GR 

- 
- 
- 
- 
- 
- 
80.8886 
4.851 5 
7.2665 
5.7225 
1.2038 
0.0672 

lQO.0000 

AMSS-3 DRIED 
, .  - '.._ 
. -3 1. :.- . . -.-. 



W W 
~ AMSS-4: FIRST ROUND ANALYSIS (UNDRIED SAMPLE) 

24 May 1994 
Sieve Soil Percent 
Site Retained Composition 

4 
4 

2 
1 

0.25 
bottom pan 

TOTAL (4 mm) 
' h  
_. ... ..& . 

5 -. 0.5 
. I  

.. .*. 
i.... 

. _ .  

GRAND TOTAL 

232.1742 
94.2951 

504.1 035 
1 10.5028 
74.2678 
67.6466 
6,0983 
0.8856 

763.5046 

- 
- 

66.0249 
14.4731 
9.7272 
8.8600 
0.7987 
0.1 160 

100.0000 

M S S - 4  UNDRIED 

, 



AMSS-4: SECOND ROUND ANALYSIS (DRIED SAMPLE) 
25 May 1994 

Sieve Soil Percent 
Size Retained Composition 

(%I - -_ .-__-------.--.- --- (mm) (9) 
4 182.0931 
4 168.0479 - 
4 163.9286 
4 150.2297 - 
4 218.2032 
4 130.7362 - 

TOTAL (4 mm) 101 3.2387 66.5481 
2 191.3468 12.5674 
1 147.4421 9.6838 

0.5 114.1321 7.4960 
0.25 48.1 184 3.1604 

bottom pan 0.2867 0.5443 
GRAND TOTAL 1522.5648 100.0000 

I 

AMSS-4 DRIED 

, 



'W 
AMSS-5: FIRST ROUND ANALYSIS (UNDRIED SAMPLE) 
24 May 1994 

Sieve Soil Percent 
Size Retained Composition 

. . . . . -. . . .. . 

TOTAL (4 mm) 

4 .  
4 

2 
1 

0.5 
0.25 

batom pan 
' GRAND TOTAL 

,- . 
c ., 
C. .. 
Y. 

255.4269 
231.9034 

630.5853 
241, .3999 
68.0887 
56.1226 
9.3301 
1.4790 

1007.0056 

- 
- 

62.61 98 
23.9721 
6.761 5 
5.5732 
0.9265 
0.1 469 

100.0000 

AMSS-5 UNDRIED 

I 



AMSS-5: SECOND ROUND ANALYSIS (DRIED SAMPLE) 
25 May 1994 

Sieve. Soil Percent 
Size Retained Composition 

- -  - _. - - -. - . __  (mm) (9) (%I 
4 187.4928 
4 
4 
4 
4 
4 

2 
2 
2 
1 

0.5 
0.25 , 

bottom pan 

TOTAL (4 rnm) 

GRAND TOTAL 

187.1055 
150.4474 
253.9621 
149.2698 
8 1.6306 

1009.9082 
145.4633 
152.2052 

297.6685 
107.9226 
79.8055 
33.6869 
9.7648 

1538.7565 

- 
- 
- 
- 
- 
- 

65.63 1 4 - 
- 

19.3447 
7.01 36 
5.1 864 
2.1892 
0.6346 

100.0000 

AMSS-5 DRIED 

I '  



w - 
AMSS-6: HRST ROUND ANALYSIS (UNDRIED SAMPLtj 
24 May 1994 

Sieve Soil Percent 
Size Retained Composition 

(%I - _ _  (mm) (9) ___ - - - - 
4 286.6849 
4 233.8654 

2 
2 181.1500 

.TOTAL (2 mm) 2 377.7 1 09 32.3822 
1 172.881 3 14.8216 

.. 0.5 76.6644 6.5726 
0.25 16.6024 1.4234 

0.1720 
GRAND TOTAL 1 166.41 6 100.0000 

- 
TOTAL (4 mm) 520.5503 44.6282 

196.5609 - 
- 

.._ 
bottom pan 2.0067 

AMSS-6 UNDRIED 
4 M d W  (u 4s) 



AMSS-6: SECOND ROUND ANALYSIS (DRIED SAMPLE) 
25 May 1994 

Sieve Soil Percent 
Size Retained Composition 

____ - .  . . .. .... 

AMSS-6 DRIED 
4I.m dm(44IS) 

.. , , 
, :. , 

>, ._ 

4 252.4993 
4 21 2.8934 
4 , 174.4352 

TOTAL (4 mm) 869.7835 
2 208.4835 
2 253.9685 

TOTAL (2 mm) 2 462.4520 
1 232.5279 

0.5 21 8.8567 
0.25 98.0382 

bottom pan 59.1696 
GRAND TOTAL 1940.8279 

- 
- 
- 

44.81 51 - 
- 

23.8276 
1 1.9809 
11.2765 
5.0514 
3.0487 

100.0000 



- w 
AMSS-7: FIRST ROUND ANALYSIS (UNDRIED SAMPLE) 
24 May 1994 

Sieve Soil PerceRt 
Size Retained Composition 

4 
4 

2 
2 

TOTAL(2mm) . 2 
1 

:' .I. 0.5 
0.25 

bottom pan 

TOTAL (4 mm) 

.i. 

i .  

r .  

. .  ~. :. 
.. ... -- , .  

GRAND TOTAL 

236.422 
98.0572 

591.9456 
224.7 165 
194.5663 

41 9.2828 
146.9254 
82.1776 
33.3590 
13.1439 

1286.8343 

- 
46.0001 - 
- 

32.5825 
11.4176 
6.3860 
2.5923 
1.021 4 

100.0000 

AMSS-7 UNDRIED 

4 mm d n r  (44 0%) 

I 



AMSS-7: SECOND ROUND ANALYSIS (DRIED SAMPLE) 

Sieve . Soil Percent 
Size Retained Composition 

25 May 1994 

4 
4 
4 
4 
4 

2 
2 

1 
0.5 
0.25 

bottom pan 

TOTAL (4 mm) 

TOTAL (2 mm) 2 

GRAND TOTAL 

245.4404 
247.7468 
295.991 2 
281.8278 
75.9872 

1351.1405 
226.3793 
88.0032 

314.3825 
171.1355 
94.7386 
43.6029 
30.5702 

2005.5702 

- 
- 
- 
- 
- 
- 

67.3694 - 
- 

15.6755 
8.5330 
4.7230 
2.1741 
1.5243 

100.0000 

AMSS-7 .. DRIED 
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H.111 QUANTIFICATION OF CONTAMINANT EXPOSURE AND INTAKE 

This attachment presents a detailed discussion of the methodologies used in the quantification of 
receptors exposure to and intake of COCs via food pathways. Section H.III.1 describes the equations 
used for the determination of contaminants in food products raised on or adjacent to the FEMP. 
Section H.III.2 describes the quantification methodologies used for evaluating potential carcinogenic 
and non-carcinogenic health effects. The media-contaminant specific equations and respective 
parameters are presented in Section H.III.3 and H.III.4. 

H.III.1 FOOD PRODUCT FATE MODELING 
This section describes the equations used to estimate exposure to chemicals and radionuclides from 
ingestion of contaminated food products. 

H.III.l.1 Ingestion of Vegetables 
The equations used to estimate exposure to chemicals and radionuclides via ingestion of vegetables 
irrigated with contaminated water are from the NRC (NRC 1977) and the EPA (EPA 1990d). This 
process involves estimating the concentration of the contaminant on and in the plant as a result of 
foliar deposition and root uptake. The model used to estimate the concentration in and on vegetation 
irrigated with contaminated water is (NRC 1977): D 

For vegetation exposed to atmospheric fallout of dust, the equation becomes (NRC 1977): 

where 

(H. 111- 1) 

(H.111-2) 

XEi = effective depletion constant of i* Contaminant on the plant surface (hr-I), 
Xdi = effective depletion constant from root zone of soil (hr-I), 
X, = radioactive or chemical decay constant of i" contaminant (hr-I), (Howard 1991) 
Biv = dry soil to wet plant (vegetables, forage, and fruit) transfer coefficient of i" contaminant, 
Civd = concentration of i" contaminant in plants as a result of deposition of contaminated dust 

on plants (pCi/kg or mg/kg), 
Ciw = concentration of i" contaminant in plants as a result of irrigating plants with 

contaminated water (pCi/kg or mg/kg), 
dd = dust deposition rate (pCi/m2-hr or mg/m2-hr), 
4, = irrigation deposition rate (pCi/m2-hr or mg/m2-hr), 
f, = fraction of year plant is irrigated (unitless), 

i 

2 

3 

4 

5 

6 

7 

8 

9 

10 

I I  

12 

13 

14 

15 

16 

17 - 

18 

19 

.I I 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 
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I 

2 

3 

4 

5 

6 

7 

8 

9 

I O  

II 

fd 

P 
rd 

r, = 
t, = 
t, = 
t e  

Y 
th 

and 

where 

c, = 

c, = 
I ( d =  
?Li = 
e 

Vd = 
v, = 
Z 

I 

ff 

= 
= 
= 
fraction of water borne material retained on plant surface (unitless), 
period soil is exposed to airborne emissions (hr), 
period soil is exposed to contaminated water (hr), 
= growing season (hr), 
= 
= agricultural yield (kg/m2), 

fraction of year plant is downwind (unitless), 
effective dry surface density of the soil (kg/m2), 
fraction of deposited dust retained on plant surface (unitless), 

duration of period between harvest and consumption (hr), and 

A, = An + Au 

(H. 111-4) 

concentration of i"' contaminant in irrigation water (pCi/L or mg/L), 
= irrigation rate (L/m2/hr), 
concentration of i" contaminant in dust (pCi/g or mg/g), 
water to soil partitioning coefficient of constituent (cm3/g), 
leachate removal constant (hr-I) 
= moisture fraction of soil in root zone (unitless), 
= density of soil in root zone (g/cm3), 
deposition velocity for dust (g/m*/hr), Attachment H.11, 
percolation rate (cdhr) ,  and 
= depth of root zone (cm). 

(H.111-3) 
I2 

13 

(H. 111-5) 14 

(H.111-6) 15 

16 

In addition to exposure to contaminated irrigation water and dust, vegetables and livestock feed may 29 

30 

31 

32 

33 

34 

35 

be contaminated by root uptake from contaminated soil. 
estimated by the irrigation model; however, this pathway is also considered for areas that are not 
irrigated with contaminated water but that exhibit surface soil contamination from historical deposition 

The contribution by this pathway is 

on the soil by other means. The following equation (NRC 1977) was used to estimate the 
contaminant concentration in the plant from root uptake of contaminants in the soil. 
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(H.  111-7) 

where 

Civs = concentration of i" contaminant in plants as a result of root uptake from contaminated 
soil (pCi/kg or mg/kg), and 

C, = concentration of i" contaminant in dry soil at harvest time (pCi/kg or mg/kg). 

The total concentration of contaminants in vegetables (Civ) is estimated using the following equation: 

c, = ci, + CiVd + civs (H.111-8) 

Equations of the same form were used to estimate the contaminant concentration in livestock feed, 
substituting concentration factors for livestock feed in place of those for vegetables ingested by man. 

A summary of parameters used in the vegetable and forage uptake models is presented in Table H.111- 
1. Radioactive or chemical decay constants are presented in Table H.111-2. Transfer coefficients of 
contaminants from dry soil to wet plant material are presented in Table H.111-3. Source 
concentrations for food product fate modeling are presented in Table H.III-4. 

H.III.1.2 Ingestion of Meat and Dairy Products 
Prior to the determination of intake following ingestion of animal products by humans, the 
concentration of chemicals and radionuclides in animal products must be estimated. The 
concentration of a contaminant in animal products, such as beef or milk, was estimated using the 
following equation (NRC 1977): 

D 

Ca = Fd[(Cif)(QJ + (Caw)(QAw)l e' (H.111-9) 

where 

c, = 

F, = 

concentration of i" contaminant in the animal product (pCi/L for milk, pCi/kg for beef 
or mg/L for milk, mg/kg for beef), 
element (stable) transfer coefficient'that relates the daily intake by an animal to the 
concentration of i" contaminant in an edible portion of the animal product (day/L for 
milk, day/kg for beef), 
concentration of i" contaminant in forage (pCi/kg or mg/kg), 
consumption rate of contaminated forage by an animal (kg/day), 
= 
= 
decay constant of i" contaminant (hr-I), and 
delay between harvest of animal product (milk or meat) and consumption (hr). 

concentration of i" contaminant in livestock water (pCi/L or mg/L), 
consumption rate of contaminated water by an animal (Llday), 

Transfer coefficients of contaminants to milk or beef (F,) are presented in Table H.111-3. 
Contaminant concentrations in forage are presented in Table H.111-5. B 
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In addition to intake from irrigated forage and water, cows may receive a significant intake from soil 
ingestion if the soil is also a source of contamination (Zach and Mayoh 1984). The following 
equation was used to estimate the concentration in the animal product from soil 
ingestion (EPA 1990d): 4 

i 

2 

3 

where 

(H.111- 10) 

C, 
Q, = consumption rate of soil by livestock (kg/day). 

= concentration of contaminant in soil (pCi/kg or mg/kg), and 

Animal Consumution Rates 
The following parameters were used to quantify the intake of contaminants in food and water by beef 
and milk cattle at or near the FEMP: 

Qf * QAw QS 

Feed or Foragea Watei" Soilb 
Animal (kg wet weight/day) (L/day) (kg/day) 
Milk cow 
Beef cattle 

50 
50 

60 0.5 
50 0.5 

a NCR 1977 
Zach and Mayoh (1984) 

Radionuclide and Nonradioactive Transfer Coefficients 
Transfer coefficients for radionuclides and nonradioactive metals were taken from Baes et al. (1984), 
Till and Meyer (1983) and EPA (1989d). The radiological properties of atoms do not effect their 
elemental transfer in the environment. The soil-to-plant transfer coefficient for edible plants ingested 
by humans and forage ingested by cattle used in intake models, in the absence of site-specific 
information, are listed in Table H.111-3. These factors are the ratios of the dry-weight concentration 
of an element in the reproductive or vegetative portions of the plant to the dry-weight concentration of 
the element in soil. Edible portions of the plant include grain kernels, fruits, and tubers. These 
portions are most representative of the plant foods ingested by humans. The list of elements is not all 
inclusive. The cited references were used to obtain values for additional constituents of concern in 
individual risk assessments as needed. 

Transfer coefficients for organic chemicals were taken from Travis and Arms (1988). If a transfer 
coefficient was not readily available, the following regression equations based on the relationship 
between transfer and the octanol-water partition coefficient (L) were used to estimate transfer 
coefficients (Travis and Arms 1988): . 
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Biv(2) (vegetables) log Bi, = 1.588 - 0.578 log KW 
F, (milk) log F, = -8.10 + log KO, 
F, (beef) log FA = -7.6 + log K, 

Chemical-specific K, values are available from several sources. The major source used for qW 
values was Hansch and Leo (1979). 

H.III.l.3 Fish Products 
The equation used to estimate contaminant concentrations in fish products originating from the Great 
Miami River is (NRC 1977): 

where 

C, = concentration in fish (mg/kg, pCi/kg), 
C,, = concentration of contaminant in surface water (mg/L, pCi/L) 
f" = Bioconcentration factor for fish (L/kg) 

Table H. 111-3 presents the checmical-specific bioconcentration factors used in this CRARE. Table 
H.III-4 summarizes the chemical-specific surface water concentrations. 

H.III.l.4 Results of Food Product Fate Modeling 
Table H.111-6 presents a summary of modeling results for the contaminant concentrations in 
vegetables, meat, dairy, and fish products under the adopted site-wide remedy. These values have 
been incorporated into Section H.IV. 

7 

8 

9 

IO 

I I  

12 

13 

14 

15 ' .  
16 

17 

18 

19 
.. 

20 

21 

22 

. r  23 

24 

25 

26 

27 

28 

FER/OUSFS/AEMIHIII-ATT.NEW/Nov~bbr~O. . 1994, * f , ,. : H . III-5 



FEMP-OSFS-4 DRAFT 
November 14, 1994 

TABLE H.111-1 

SUMMARY OF PARAMETERS FOR VEGETABLE/FORAGE UPTAKE MODELS 
_____~ 

Paramete? Value Units Reference 
Typical Dust Settling Velocity (l/d) 6.48 m/h 
Imgation Rate (I) 0.081 L/m*/hr 
Percolation Rate (Vw) 1.28 x 10’ cm/h 
Depth to Ro6t Zone (Z) 15 cm 
Density of Soil (a) 1.5 gkm’ 
Moisture Fraction in Root Zone (e) 0.17 unitless 
Fraction of Deposited Dust Retained 0.25 unitless 

Fraction of Water Borne Material Retained 0.20 unitless 

Effective Depletion Constant of Contaminant on 0.002 1 hr- ’ 
Growing Season for Vegetables and 1440 hr 

Growing Season for Forage (teJ 720 hr 
Agricultural Yield of Vegetables and 1.5 kglm’ 

Agricultural Yield of Forage (Y) 0.8 kg/m2 
Fraction of Year Plants are Downwind (fd) O S b  unitless 
Fraction of Year Plans are Irrigated (f,) 1 .O‘ unitless 
Period Soil is Exposed to Contaminated 8,760,000 hr 

Period Soil is Exposed to Airborne 8,760,000 hr 

Effective Dry Surface Density of the Soil (p) 

Delay between Harvest and Consumption 24 hr 

Delay between Harvest and Consumption of 720 hr 

Delay between Harvest and Consumption 0 hr 

Delay between Milking and Consumption (tiA) 48 hr 
Delay between Slaughter and Consumption 480 hr 

on Crops (rd) 

on Crops (r,) 

Plant Surface (AEi) 

. Fruit Crops (t,) 

Fruit Crop (y) 

Water (tbW) 

Emissions (tM) 
150d kg/m’ 

of Vegetables (t,) 

Vegetables and Fruit (tk) 

of Forage (thg) 

a See the uncertainty analysis (Section H.5.0) for more information on these parameters. 
CRARE modeled RME location. 

NRC 1977 
USDA 1970 
DOE 1994a 
DOE 1994a 
DOE 1994a 
DOE 1994a 
NRC 1977 

NRC 1977 

NRC 1977 

NRC 1977 

NRC 1977 
USDA 1979 

USDA 1979 
- 
NRC 1977 
Assumed 

Assumed 

USDA 1982 
NRC 1977 

Assumed 

NRC 1977 

NRC 1977 
NRC 1977 

The fraction of time plants are irrigated is implicitly included in the irrigation rate. To avoid using this 

Corresponds to a density of 1.5 gkm’ and a depth of 10 cm. Moist bulk densities of surface soil range from 
parameter twice in Equation 7-9, fd has been set to 1.0. 

1.4 to 1.55 g/cm3 at the FEMP (USDA 1982). 

4 
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TABLE H.111-2 

CHEMICAL AND RADIOACTIVE COC DECAY CONSTANTS 

Decay Decay 
Constant (&) Constant (hi) 

Chemical (hr-I) Radionuclide (hr-I) 

Antimony 1.00 x 1044 Ra-226 + 8d 4.95 x 

Aroclor- 1254 

Aroclor- 1260 

1.00 x 1014 Rn-222 

1.00 x 1044 Sr-90 + Id 

NA 

2.77 x 

Arsenic 1.00 x 1014 Tc-99 3.71 x 10-Ioa 

Benzo(a)pyrene 

Beryllium 

1.00 x 1044 Th-230 1.03 x 10-9 

1.00 x 1044 Th-232 + 10d 5.63 x 1045 

Cadmium 1.00 x 1044 U-2351236 1.12 x 10-13 

1, 2-dichloroethane 1.00 x 1014 U238 + 2d 

Magnesium 1.00 x 1014 

Manganese 1.00 x 1014 

Mercury 1.00 x 1044 

Silver 1.00 x 1044 

2,3,7,8-TCDD 1.00 x 1 0 4 4  

Trichloroethene 1.00 x 1044 

Uranium-total 1.00 x 1014 

D 

1.77 x 1 0 4 4  

SOURCE: SWCR (DOE 1993) except as noted. 
a From Grove Engineering (1991) 
NA = Not applicable 
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TABLE H.111-3 

K, AND TRANSFER COEFFICIENTS 
.. 

./ 
'." , 5-. 

--. -* 

Vegetable Forage Fish 
k(cm3k!) Beef dd/kg) Source Milk ,,(dlL) Source B (Iv2) Source B Source fn (L/g) Source COC 

Chemicals 
Antimony 
Aroclor-1254 
Aroclor- 1260 
Arsenic 

Benzo(a)pyrene 
Beryllium 

Cadmium 
1.2-dichloroethane 

Magnesium 
Manganese 
Mercury 

Silver 
2,3,7,8-TCDD 
Trichloroethene 
Uranium-total 

Radionuclides 
Ra-226+8d 
Rn-222 
Sr-90+ Id 

Tc-99 
Th-230 
Th-232 + 10d 

4.50 x 10' 
8.86 x lo3 

1.07 x 1 0 4  

1.83 x io4 
2.00 x 102 

2.50 x 10' 
1.2 x 10' 

ND 

3.80 x 10' 

5.0 x 10' 
1.00 x 10' 
9.00 x 10' 

ND 
3.20 x 103 

ND 

1.06 x lo2 

NA 

2.50 x 10' 
7.00 x 10'2 
3.20 x 10' 

3.20 x IO' 

1.00 x 10-3 

2.69 x 
3.02 x 10' 
2.00 1 0 3  

1.00 x 10-3 
3.16 x 10" 

5.50 x lo4 
1.26 x 10.' 

3.00 x 104 
4.00 x IO4 
2.50 x 1 0 '  
3.00 x I O 3  
1.58 x 10" 
6.00 x IO4 
2.00 x 10-4 

2.50 x 10.4 
NA 

3.00 x IO4 
8.50 x 10-3 

6.00 x lo4 
6.00 x 

a 
a 
a 

a 

a 

a 
a 
a 

a 
a 

a 
d 

a 
a 

a 

a 
a 

a 
a 

6.00 x 10-5 
8.50 10-3 
1.11 x 10' 

6.00 x l o 5  

1 .oo x 10.2 
9.00x 1 0 7  

1.00 x 103 
3.98 x I O 3  
2.50 x IO4 
3.50 x lo4 

4.50 x 10" 
2.00 x 10-2 

5.01 x 10.2 
5.00 x lo4 

6.00 x lo4 

4.50 x 10' 

NA 

1.50 x 104 
1 .oo x 102 
5.00 x lod 

5.00 x lod 

C 

C 

C 

d 

d 

d 

d 
d 

d 
d 

d 
d 

d 
d 

d 

d 
d 

d 

d 

1.28 x I O 2  
3.04 x I O 3  
4.71 x I O 3  
1.71 x l o *  

4.94 x 10-3 
4.28 x I O 3  
2.35 x 10.' 
7.70 x 10-3 

1.93 x 
1.07 x 10.' 
3.85 x 10' 
1.71 x 10' 
1.95 x 10-3 
3.64 x 10" 
3.64 x 10'' 

6.42 x I O 3  

NA. 
1.07 x IOo 
4.07 x IOo 

3.64 x 10.' 

3.64 x 10.' 

d 
d 
d 
d 

d 
d 
d 
d 

d 
d 

d 
d 

d 
d 

d 

d 

d 

d 

d 

3.00 x 102 
7.10 x IO' 
1.10 x 10-2 
4.00 x 10-2 

1.15 x 

1.00 x 1 0 2  

5.50 x 10' 
1.80 x 10.' 

4.50 x I O 2  
2.50 x IO-' 
9.00 x IO-' 
4.00 x 10-I 

4.55 x 10-3 

8.50 x 10-3 

8.50 x IO" 

1.50 x 
NA 

2.50 x 10' 
9.50 x 10' 
8.50 x IO4 
8.50 x 10.' 

a 
a 
a 

a 

a 
a 
a 
a 
a 

a 
a 
d 

a 
a 

a 

a 
a 
d 

d 

1.00 x 100 
2.25 x 104 
1.59 x 10' 

4.40 x 10' 
2.55 x 10' 
1.90 x IO' 
8.10 x 10' 
1.26 x lo' 

4.90 x 10' 
NA 

5.50 x 103 
3.10 x 103 
8.67 x 104 
3.00 x IO' 
2.00 x 100 

5.00 x IO' 
NA 

3.00 x 10' 
1.50 x IO' 
3.00 x 10' 
3.00 x 10' 

d 

d 



TABLE H.111-3 
(Continued) 

Vegetable Forage Fish 
COC &(cm’/g) Beef FL(d/kg) Source Milk Fb(d/L) Source B Source B Source fn (Llg) Source 

Radionuclides (Continued) 
U-235/236 1.48 x IOo 2.00 x IO4 a 6.00 x IO4 d 3.64 x 10.’ d 8.50 x IO” d 2.00 x loo d 
U-238 +2d 1.48 x 10’ 2.00 x IO4 a 6.00 X lo4 d 3.64 x 10’ d 8.50 x 10.’ d 2.00 x IOo d 

a SWCR (DOE 1993a) I 
i Log of bioconcentration factor in beef (Log B,,) calculated from geometric mean regression model: Log 4 = -7.6 f Log KO, (RAWPA; 

DOE 1992a) 
Log of Biotransfer factor in milk (Log B,) calculated from geometric mean regression model: Log B, = -8.10 + Log KO, (RAWPA; 
DOE 1992a) 
Operable Unit 2 RI Report (DOE 1994a) 
Log of bioconcentration factor in vegetation (Log B,) calculated from geometric mean regression model: Log B, = 1.588 - 0.578 Log 
KO, (RAWPA; DOE 1992a) 

I 
I 

NA - Not Available 
ND - Not Detected 



TABLE H.III-4 

SOURCE CONCENTRATIONS FOR FOOD PRODUCTS FATE MODELING 

C, (mg/kg, pCi/kg) C, (mglL, pCi/L) Ci, (mg/m3, pCi/m3) Ci, (mg/L, pCi/L) 

COC Off-Property On-Property Off-Property On-Property On-Property Off-Property Great Miami River 

Inorganics 
Antimony 
Arsenic 
Beryllium 
Cadmium 
Magnesium 
Manganese 
Mercury 
Silver 
Uranium-total 

Organics 
Aroclor-1254 
Aroclor-1260 
1,2-Dichloroethane 
2,3,7,8-TCDD 
Benzo(a)pyrene 
Trichloroethene 

Radionuclides 
Ra,,, + 8d 

b 2 2 2  

Tc99 

Sr,+ Id 

Th230 

Th232 + 10d 

u235/236 

U238+2d 

ND 
7.83 x l o 7  
1.22 x IO-" 
1.39 x 10"  
7.88 x l o 7  

ND 
ND 
ND 

9.50 x 109 

2.37 x 10" 
. ND 
ND 
ND 

1.87 X 10" 
1.29 x 10'' 

1.23 x l o 7  
ND 

4.86 x l o 8  

6.68 x 
4.86 x 10-7 
3.48 x 10.9 
9.90 x 10.9 

3.17 x lo-, 

ND 
1.80 x loio 
2.80 x 10." 
3.20 x 10" 
1.54 x lod 

ND - 
ND 
ND 

1.78 x 

3.16 x lo-" 
ND 
ND 
ND 

2.22 x lo-" 
8.84 x lOI3 

2.84 x 10-7 
ND 

9.60 x l o 8  
2.76 x l o 7  
8.42 x 10-7 
8.00 x l o 9  

ND 
5.92 x lo-, 

ND 
ND 
ND 
ND 
ND 

' ND 
ND 
ND 

5.20 x l o 3  

ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 

5.36 X 
4.18 x 10'  

ND 
ND 

8.29 x lo'? 
1.87 x loo 

ND 
ND 
ND 
ND 
ND 

1.42 x 10' 
ND 
ND 

8.61 x 10-3 

ND 
ND 
ND 
ND 
ND 
ND 

3.28 X 
ND 

2.88 X 10" 
1.68 X 10' 

ND 
ND 

1.33 X l o 1  
3.01 X 10' 

3.23 x 10.' 
1.92 x 10-1 
6.18 x 10.' 
7.59 x 10' 
2.82 x 103 

ND 
ND 
ND 

8.30 X 10' 

2.46 X l o 2  
ND 
ND 
ND 

2.0 x 10' 
7.55 x 10-4 

3.84 X lo2 
ND 

1.19 x 102 
2.50 X IO2 
6.45 X lo2 

3.17 X 10' 
ND 

2.77 x 103 

ND 
ND 
ND 
ND 

2.63 X lo2 
ND 
ND 
ND 

3.93 x 100 

2.20 x 102 
ND 
ND 
ND 

2.00 x 102 
2.00 x 10-3 

ND 
ND 

1.50 x IO' 
2.50 X lo2 
2.65 X 10' 

ND 
2.19 X 10' 

1.32 x 103 

8.48 x l o 6  
ND 

1.87 x 
ND 
ND 
ND 

8.18 x 10" 

ND 
ND 

ND 
ND 
ND 
ND 

7.08 x 10-9 
ND 

7.37 x 10" 
;a 

ND z s  

1.23 x l o 3  0 

8 . 4 4 ~  I O 6  & ?  
6.61 x I O 4  '' 
1.49 x 102 
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TABLE H.111-5 

COC CONCENTRATIONS IN FORAGE 

~ _ _ _ _  

COC 0 ff-Property On-Propert y 

Antimony 
Arsenic 
Beryllium 
Cadmium 
Magnesium 
Manganese 
Mercury 
Silver 
Uranium-total 

2.38 x 10" 

2.07 x 
6.57 x 10" 
3.29 x 
1.57 x 

2.43 x 10-5 

7.25 x 10-7 
8.50 x 10-5 
9.60 x 

6.46 x 

6.18 x lo4 
4.18 x 
2.82 x 103 
6.71 x lo" 

ND 
ND 

7.06 x 

7.68 x 10-3 

Organics 
Aroclor- 1254 ND 3.12 x lo4 
Aroclor- 1260 ND ND 
Benzo(a)pyrene 6.03 X lo9  2.31 X lo4 
1,2-DichIoroethane ND ND 
2,3,7,8-TCDD ND ND 
Trichloroethene 3.56 x 10-9 1.20 x 10-3 

Radionuclides 
Ra,, + 8d 

Sr,+ Id 
Rn, 

Tcw 
ThY.30 

W 2 3 6  

Th,,+ 10d 

U,, + 2d 

ND 
ND 

8.82 x lo4 
3.04 x lo4 

ND 

2.17 x lo3 

7.17 x 10-3 

6.69 x 10-5 

5.76 x 10' 
ND 

2.98 x l@ 
2.38 x 103 
5.50 x 10' 
2.70 x 10' 

ND 
2.36 x 10' 
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TABLE H.III-6 

MODELED FOODPRODUCTCOCCONCENTRATIONS: 
ON-SITE RESIDENT FOOD RECEPTORS 

Meat Dairy Product Vegetable 
Concentration Concentration Concentration 

COC (mg/kg) (mg/L) (mg/kg) 

Antimony 
Arsenic 
Beryllium 
Cadmium 
Magnesium 
Manganese 
Mercury 
Silver 
Uranium-total 

Organics 
Aroclor- 1254 
Aroclor- 1260 
1,2-Dichloroethane 

Benzo(a)pyrene 
Trichloroethene 

2,3,7,8-TCDD 

Radionuclides 
Ra,+8d 
Rn, 
Sr,+ Id 
Tc, 
T h o  
Th,, + 1 Od 

U,, + 2d 
u23S1236 

3.39 x 
9.60 x 10' 
6.18 x 10' 
1.17 x lo6 
7.12 x lo-' 

ND 
ND 

1.62 X lod 

2.85 x 10-7 

7.50 X 10' 
ND 
ND 
ND 

3.77 x 
6.79 x 10-7 

1.20 x 10-4 
ND 

1.02 x 10' 
2.10 x lod 

1.33 X 
5.43 x 10" 

4.47 x 103 

1.03 x 10-7 

3.39 x 10' 
2.88 X l o 5  
5.56 X 10' 
2.13 X lo3 
5.70 X l@ 
2.99 X 10' 

ND 
ND 

4.92 x 10-3 

6.46 X IO2 
7.68 X lo3  
6.18 X 10" 
4.18 X 10' 

7.01 X 
ND 
ND 

1.13 X I O '  

2.82 x 103 

2.37 X 10" 3.12 X 10" 
ND ND 
ND ND 
ND ND 

2.15 x 1 0 . ~  2.31 X 10" 
1.20 x 10-7 1.20 x 10-3 

2.16 X 10-I 
ND 

2.24 X 10' 
1.20 x 103 
1.75 X lo3  
8.60 X 10" 

1.65 X 10' 
4.79 x 10-3 

5.76 X 10' 
ND 

2.98 X 1@ 

5.49 x 101 
2.70 X lo-* 
6.51 X lo-' 
3.83 X 10' 

2.48 x 103 
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TABLE H.111-7 

MODELED FOOD PRODUCT COC CONCENTRATIONS: 
OFF-SITE RESIDENT FOOD RECEPTORS 

' Meat Dairy Product Vegetable 
Concentration Concentration Concent rat ion 

COC (mglkg, pCi/kg) (mg/L, pCi/L) (mg/kg, pCi/kg) 

Antimony 
Arsenic 
Beryllium 
Cadmium 
Magnesium 
Manganese 
Mercury 
Silver 
Uranium-total 

Organics 
Aroclor- 1254 
Aroclor- 1260 
1,2- 
Dichloroethane 
2,3,7,8-TCDD 
Benzo(a)pyrene 
Trichloroethene 

Radionuclides 
Ram + 8d 
~ 2 2 2  

Sr,+ Id 
Tcw 
Th,O 
Th,, + 10d 

U,, + 2d 
u235/236 

ND 
2.77 x lo-'' 
1.41 x 
2.57 x 10" 
6.64 X l o2  

ND 
ND 
ND 

7.79 x 107 

6.71 x lo7 
ND 
ND 

ND 
6.79 x 10-7 
1.00 x 10-9 

3.76 x 10-9 
ND 

5.64 x 10-4 
1.01 x loo 
8.63 x 10-7 
9.45 x 1043 
4.88 x 
2.63 x IO-" 

ND 
8.31 x 10" 
1.27 x 1012 
4.67 x 10, 
5.31 x 10' 

ND 
ND 
ND 

2.37 x lo3  

2.12 x lo4 
ND 
ND 

ND 
2.15 x 10-4 
3.19 x 10-7 

6.78 x 
ND 

2.82 x loo 

7.19 x lo4 
7.88 x lo-'' 
1.51 x 10" 
8.00 x 10.' 

1.19 x 103 

ND 
2.56 x lo7  
2.51 x lo-, 
9.31 x lo7 
2.63 x l@ 

ND 
ND 
ND 

5.88 x 10, 

2.79 x 104 
ND 
ND 

ND 
2.31 x IO-" 
3.17 x 104 

2.69 x lo-" 
ND 

3.75 x 10' 
2.38 x 103 
2.26 x lo-' 
2.24 x 
5.92 x 10.' 
2.04 x 10' 
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TABLE H.111-8 

MODELED FOOD PRODUCT COC cor CENTRATIO 
GREAT MIAMI RIVER USER 

is: 

Meat Dairy Product Vegetable 
Concentration Concent rat ion Concentration 

COC (mg/kg, pCi/kg) (mg/L, pCi/L) (mglkg, pCi/kg) 

Antimony 
Arsenic 
Beryllium 
Cadmium 
Magnesium 
Manganese 
Mercury 
Silver 
Uranium-total 

OrganiCS 
Aroclor- 1254 
Aroclor- 1260 
1,2- 
Dichloroethane 
2,3,7,8-TCDD 
Benzo(a)p y rene 
Trichloroethene 

Radionuclides 
Ram + 8d 

Sr,+ Id 
Rn, 

Tc99 
Th,' 

UmmQ 
Th,, + 10d 

Uus + 2d 

4.24 x 10" 
ND 

9.35 x 10" 
ND 
ND 
ND 

1.02 x lod 
ND 
ND 

ND 
ND 
ND 

ND 
1.11 x 10' '  

ND 

9.21 x 10" 
ND 

1.11 x lod 
9.48 x lo4 
3.69 x lo-'' 
2.53 x 10" 

1.49 x lo7 
6.61 x 10-9 

5.09 x lo8 
ND 

1.01 x 10'0 
ND 
ND 
ND 

2.2 x lo6 
ND 
ND 

ND 
ND 
ND 

ND 
4.25 x lo9 

ND 

1.99 x lod 
ND 

6.69 x lo3 
1.34 x 10' 
3.69 x lo7  
2.53 x lo9  

5.36 x 10' 
2.38 x 10-5 

4.15 x lo5 
ND 

9.15 x 
ND 
ND 
ND 

4.03 x lo4 
ND 
ND 

ND 
ND 
ND 

ND 
3.46 x 10' 

ND 

3.61 x 10' 
ND 

3.67 x 10' 
1.14 x 10' 
6.02 x 10-3 
4.13 x 10-5 
3.23 x 10-3 
7.29 x 10, 
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H.III.2 EXPOSURE OUANTIFICATION 
This section defines the quantification methods used for evaluating cancer risks and the potential for 
adverse noncancer health effects on the impacted receptor. Results calculated for intake of COCs 
contributing to the calculated risks are presented in Attachment H. IV. 

D 

H.III.2.1 Definitions 
Exposure is defined as the contact of an organism with a chemical or physical agent. When exposure 
occurs through inhalation or dermal ingestion, some of the contaminant is taken into the body. The 
amount of contaminant ingested or inhaled is referred to as the contaminant intake. The fraction of 
the contaminant absorbed into the body (across the membranes of the gastrointestinal or respiratory 
system, or through the skin after dermal contact) is referred to as the dose or the absorbed dose of 
contaminant. In the animal studies often used to develop toxicity values for risk assessment, the 
intake of contaminants is considered to be equivalent to the administered dose. Toxicity values (RfDs 
and cancer slope factors) are generally developed in terms of Contaminant intake, rather than absorbed 
doses, particularly for ingestion and inhalation. 

H.III.2.2 Ouantification Methods 
In evaluating cancer risks and the potential for adverse noncancer health effects, it was necessary to 
estimate contaminant intake for the exposed receptor. For both cancer and noncancer risk 
assessment, average long-term daily intakes were used to estimate risk. The chronic daily intake 
(CDI) for hazardous chemical contaminants were estimated as follows (EPA 1989a): 

C x CR x EFD CDI = x -  
BW AT 

1 
(H . 111- 12) 

where 

CDI = chronic daily intake (mg/kg body weight/day), 
C = chemical concentration in exposure medium (mg/L, mg/kg), 
CR = contact rate with exposure medium (L/day, mg/day), 
EFD = exposure frequency and duration (daydyear, years), 
BW = body weight (kg), and 
AT = average time, e.g., the period over which exposure is averaged (days). 

In the case of cancer risk assessment, the average lifetime daily intake was used to estimate the ILCR, 
thus AT equalled a full 70-year lifespan. For noncancer risk assessment, intake was evaluated over 
the period during which exposures occur, and AT equalled the duration of exposure. In the case of 
dermal exposures, time-weighted absorbed doses, rather than intakes, were calculated. Otherwise, 
time-weighted average doses were calculated in the same manner as the contaminant intakes described 
above. 

Carcinogenic risks associated with radionuclides are estimated based upon the total activity (pCi) 
accumulated over a lifetime. The following general equation illustrates the method employed for 
lifetime intake quantification (DOE 1992a): B 
FER\CRU5\APXS\APP-H\Hlll-AmNovcmberlO. 1994 8:26pm H -111- 15 
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I = C x C R x E F x E D  
where 

(H. 111- 13) 

I = lifetime intake (pCi) 
C = radionuclide concentration in exposure media (pCi/g, pCi/L), 
CR = contact rate (g/d, L/d), 
EF = exposure frequency (day/y), and 
ED = exposure duration (y). 

I 

H.III.3 CRARE EXPOSURE MODELS 
This section presents the equations used to quantify the magnitude of exposure expected to result from 
all reasonable exposure pathways at the FEMP. The calculations reflect changes in the risk 
assessment methodology resulting from revisions to the RAWPA (DOE 1992a) and comments 
received from the EPA and OEPA on the Operable Unit 1, 2, and 4 RUFS risk assessments. 

To quantify exposure as a result of residual COCs, several equations were used. This section 
presents the equations used according to exposure media. All parameters and equations were taken 
from the RAWPA and the Supplemental Guidance to RAWPA unless otherwise noted. The exposure 
media considered for residual risks are groundwater, air and soil. Exposure point concentrations 
were determined using fate and transport modeling in Section 3.0 of this CRARE. Exposures from 
sediment are included in the group detailing the soil exposure pathways. Exposure to surface water is 
addressed in the section detailing water exposure pathways. Equations for quantifying intake through 
the food pathway (e.r., ingestion of vegetables, fruit, milk, and meat) are provided. Contaminant 
concentrations in food products were developed in Attachment H.IV. 1. The development of 
concentration terms for air, water, and soil are presented in Section H.3.0. These concentrations 
were used in conjunction with the following equations to quantify intake in attachment H.IV. The 
parameters used in the following equations are provided in Tables C.3-2 and C.3-3. 

H.III.3.1 Air Exuosure through Inhalation 
The amount of a COC a receptor takes in as a result of respiration is a function of the concentration 
of the contaminant in the air. Equations 7-5 and 7-6 from the RAWPA were used to quantify intake 
from the inhalation pathway. These equations are as follows: 

(radionuclides) Iai = (C,,)(IR)(EF)(ED) (H.111- 14) 

(chemicals) Iai = (C,,)(IR)(EF)(ED)/(BW)(AT) 
where 

Iai = intake from inhalation (pCi or mg/kg/d), 
Cai = concentration in air (pCi/m3 or mg/m3), 
IR = inhalation rate (m3/d), 
EF = exposure frequency (d/y), 
ED = exposure duration (y), 

(H. 111- 15) 
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BW = body weight (kg), and 
AT = averaging time (d); for noncarcinogens, AT equals (ED)(365 d/y); for chemical 

carcinogens, AT equals (70)(365 d/y). 

H.III.3.2 Water Exposures 
This section discusses the quantification methodologies used to evaluate water exposures. Exposure 
pathways for water include ingestion and dermal contact. 

Inpestion of Water 
Ingestion of contaminated water can be a major contributor to environmental intake of COCs. An 
estimate of intake from water was calculated from Equations 7-3 and 7-4 of the RAWPA. The intake 
equations are: 

where 
Iwi 
Cwi 
IR 
EF 
ED 
BW 
AT 

(radionuclides) Iwi = (Cwi)(IR)( EF)( ED) (H . 111- 1 6) 

(chemicals) Iwi = (C,,)(IR)(EF)(ED)/(BW)(AT) (H. 111- 17) 

= 
= 
= ingestion rate (L/d), 
= exposure frequency (d/y), 
= exposure duration (y), 
= body weight (kg), and 
= 

intake of i" contaminant from drinking water (pCi or mg/kg/d), 
i" concentration in water (pCi/L or mg/L), 

averaging time (d); for noncarcinogens, AT equals (ED)(365 d/y) [EPA 1991al); for 
chemical carcinogens, AT equals (70 y) (365 d/y). 

Dermal Contact 
The estimation of intake associated with inorganics in water via absorption though the skin was 
estimated using the concept of absorbed dose. The absorbed dose can be calculated using EPA's 
dermal guidance (EPA 1989a, EPA 1992b, and EPA 1993d). The dermal absorption pathway was 
evaluated for adults and children. 

where 

IWS = intake though dermal contact (mg/kg/d), 
DA,,, = absorbed dose per event (mg/cm2/event), 
SA = surface area (cm'), 
EF = exposure frequency (d/y), 
ED . = exposure duration (y), 
BW = body weight (kg), and 
AT = averaging time (d); for carcinogens, AT equals (ED)(365 d/y) [EPA 1989al; for 

chemical carcinogens, AT equals (70y)(365 d/y). 
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DA,, can be calculated for inorganics as: 

D&v, = (C")(Kp)(CF)(ET) 

where 

C" = concentration of COC in the source (mg/L), 

CF 
ET = exposure time (h/d). 

= 
= 

COC-specific permeability constant l o 3  ( c d h ) ,  
unit conversion factor 10" (L/cm3), and 

Kp 

(H . 111- 19) 

H.III.3.3 Soil and Sediment ExDosures 
The following sections discuss the quantification methodologies used to evaluate soil and sediment 
exposures. 

Incidental Ingestion of Soil or Sediment 
Evaluation of the soiVsediment ingestion pathway was performed using Equations 7-7 and 7-8 from 
the RAWPA: 

(radionuclides) Isi = (C,,)(IR)(FI)(EF)(ED) (H. 111-20) 

where 
[si 

Csi 
IR 
CF 
FI 
EF 
ED 
BW 
AT 

(chemicals)ISi = (C,,)(IR)(CF)(FI)(EF)(ED)/(BW)(AT) (H.111-21) 

intake from soil or sediment for COC (pCi or mg/kg/d), 
concentration of COC in soil or sediment (pCi/mg or mg/kg), 
ingestion rate (mg/d), 
conversion factor kg/mg, 
fraction ingested from contaminated source (unitless), 
exposure frequency (d/y), 
exposure duration (y), 
body weight (kg), and 
averaging time (d); for noncarcinogens, AT equals (ED)(365 d/y).; for chemical 
carcinogens, AT equals (70 y)(365 d/y). 

Dermal Contact with Soil or Sediment 
Dermal absorption may also occur upon contact with contaminated soil and sediment and was 
calculated using Equation 7-25 of the RAWPA: 

AB,i = (C,i)(CF)(SA)(AF)(ABS)(ED)(EF)/(BW)(AT) (H.111-22) 
where 

AB,, 
Csi = concentration of COC in soil or sediment (mg/kg), 
SA = skin surface area available for contact (cm2/event), 
AF = skin adherence factor (mg/cm2), 

= amount of COC absorbed during contact with soil or sediment (mg/kg/d), 
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ABS = absorption factor (unitless), 
CF = conversion factor ( kg/mg), 
ED = exposure duration (y), 
EF = exposure frequency (event/y), 
BW = body weight (kg), and 
AT = averaging time (d); for noncarcinogens, AT equals (ED)(365 d/y); for chemical 

carcinogens, AT equals (70 y/lifetime)(365 d/y). 

Dermal absorption is not a significant pathway for radionuclides because penetration through the skin 
is minimal (EPA 1992~).  Therefore, radionuclides were not quantified under this exposure pathway. 

Direct Radiation ExDosure 
Since the publication of the RAWPA, the EPA has published a new set of radionuclide slope factors. 
Changes in these slope factors require the use of a different equation to calculate risks resulting from 
direct radiation exposures from soils than the original equation presented in the RAWPA. The new 
equation is: 

where 
DE 
c s  
ED 
EF 
ET, 
ET,, 
Si 

S O  

CF 

direct radiation exposure (pCi-y/g), 
concentration in surface soil (pCi/g), 
exposure duration (y), 
exposure frequency (d/y), 
exposure time indoors on-property (h/d), 
exposure time outdoors on-property (h/d), 
indoor shielding factor (unitless), 
outdoor shielding factor outdoors (unitless), and 
1/8760 y/h. 

(H. 111-23) 

H.III.3.4 Food Products ExDosure 
This section presents the methodologies used to quantify intake through the food pathways (ingestion 
of vegetables, meat, and milk). 

Ingestion of Vegetables 
Evaluation of the vegetable ingestion pathway was performed using Equations 7-15 and 7-16 from the 
RAWPA: 

(radionuclides) I, = (Civ)(IR)(ED)(EF)(FI) (H. 111-24) 

(chemicals) I, = (Civ)( IR)( FI)( EF)( ED)/( B W)( AT) (H.111-25) 

where 
Iiv = intake from vegetation (pCi or mg/kg/d), 
CN 
IR = ingestion rate (kg/day), 

= total concentration of COCs in vegetables or fruit (pCi/kg or mg/kg), 
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FI = fraction ingested from Contaminated source (unitless), 
EF = exposure frequency (d/y), 
ED = exposure duration (y), 
BW = body weight (kg), and.  
AT = averaging time (d); for noncarcinogens, AT equals (ED)(365 d/y); for carcinogens, 

AT equals (70-year lifetime)(365 d/y). 

Ingestion of Meat, Milk. and Fish 
Evaluation of the meat, milk, and fish ingestion pathways was performed using Equations 7-19 and 7- 
20 from the RAWPA: 

where 
- - IAi 

cAi 
- - 

(radionuclides) IAi = (CAJ(IR)(ED)(EF)(FI) (H .III-26) 

(chemicals) IAi = (C,,)(IR)(FI)(EF)(ED)/(BW)(AT) (H.111-27) 

intake from COC in food products (pCi or mg/kg/d), 
concentration of COC in the animal product (pCi/L or mg/L for milk, pCi/kg or 
mg/kg for beef/fish) 
ingestion rate (L/d for milk; kg/d for beeflfish) 
exposure frequency(d/y) 
exposure duration (y), 
fraction ingested from contaminated source (unitless) 
body weight (kg), 
averaging time (d); for noncarcinogens, AT equals (ED) (365 d/y); for carcinogens, 
AT equals (70-year lifetime)(365 d/y). 

Table H.111-8 presents the residual-risk exposure parameters for the target and reference receptors. 
Table H.111-9 presents the calculated, chemical-specific dermal absorbed dose values for dermal soil 
exposures and dermal absorbed dose values for dermal water exposures. The media-specific 
exposure-point concentrations are presented in Table H.111- 10. 
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TABLE H.III-8A 

EXPOSURE PARAMETERS USED FOR TARGET RECEPTORS' 

Undeveloped Park User Off-Property Resident 
Pathway Parameter Child Youth Adult Senior Adult Farm (Adult) Farm (child) 

Units (1 to 6) (7 to 18) (19 to 55) (56 to 70) (1 to 70) (1 to 6) 

All pathways unless otherwise specified 
EF WY) 40 104 
ED 01) 6 12 
BW @g) 15 43 
A T - d -  (d) 2190 43 80 
AT-,,+, ( 4  25550 25550 

Inhalation of dusts, volatiles, and radon 
IR (m3/h) 0.83 
ET (h/d) 1 

IR (dd) 0.2 
Incidental ingestion of soils 

FI (unitless) 0.13 
Dermal contact with soil 
SA (cm2) 2000 
AF (mg/cm2) 1 .o 
ABS (unitless) csv 
External Radiation 
ET,, (h/d) NA 

SH,, (unitless) NA 
ET,- (h/d) 1 

SH-,- (unitless) 0 

0.83 
2 

0.1 
0.06 

4138 
1 .o 

csv 

NA 
2 

NA 
0 

40 
38 
70 

1370 
25550 

0.83 
2 

0.1 
0.06 

5750 
1 .o 

csv 

NA 
2 

NA 
0 

26 
14 
70 

51 10 
25550 

0.83 
1 

0.1 
0.13 

5750 
1 .o 

csv 

NA 
1 

NA 
0 

350 
70 
70 

25550 
25550 

0.83 
24 

0.18 
1 

5750 
1 .o 

csv 

18.3 
5.7 
.5 
0 

350 
70 
15 

2190 
25550 

0.5 
24 

0.2 
1 

2000 
1 .o 

csv 

22 
2.0 

, .5 
0 



I _. TABLE H.III-8A 
(Continued) 

. . .. 
Undeveloped Park User Off-Property Resident 

Pathway Parameter Child Youth Adult Senior Adult Farm (Adult) Farm (child) 
Units (1 to 6) (7 to 18) (19 to 55) (56 to 70) (1 to 70) (1 to 6) 

Ingestion of drinking water 
IR (L/d) NA NA 

Dermal contact while bathing 
S A  (cm') NA NA 
DA (mg/cm'-event) NA N A  
ET (hr/event) NA N A  

Incidental ingestion of surface water while wading 
IR (L/d) NA .035 
ET (h/d) NA 1 
EF (h/d) NA 52 
ED 01) NA 12 

Dermal contact while wading 
SA (cm3 NA 5130 

EF (event/y) NA 52 
DA (mg/cm,-event) NA csv 

ED 69 NA 12 
ET (h/d) NA 1 

Ingestion of meat 
IR (kg/d) NA NA 
FI (unitless) NA NA 

Ingestion of dairy products 
1R (Lld)  NA N A  
FI (unitless) NA NA 

NA NA 

NA NA 
NA NA 
NA NA 

NA N A  
NA NA 
NA NA 
NA NA 

NA NA 
NA NA 
NA NA 
NA NA 
NA NA 

NA NA 
NA NA 

NA NA 
N A  NA 

1 

23,000 
csv 
.25 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

0.1 
0.75 

0.4 
0.75 

2 

8000 
csv 
.25 

N A  
NA 
NA 
NA 

N A  
NA 
NA 
NA 
NA 

0.039 
0.75 

0.9 
0.75 



TABLE H.III-8A 
(Continued) 

Undeveloped Park User Off-Proper6 Resident 
Pathway Parameter Child Youth Adult Senior Adult Farm (Adult) Farm (child) 

Units (1 to 6) (7 to 18) (19 to 55) (56 to 70) (1 to 70) (1 to 6)  

Ingestion of fruits and vegetables 
IR ( k g m  NA NA 
FI (unitless) NA NA 
EF WY) NA NA 
ED 69 NA NA 

NA 
NA 
NA 
NA 

CSV - Chemical specific value 
'All sources and assumptions for parameter values are expined ,,i det; 
RAWPA (DOE 19948). 

NA 
NA 
NA 
NA 

1 the 01 

0.122 
0.5 
350 
70 

0.106 
0.5 
350 
70 

5 RI and/or the Supplementa Guidance to the F E J P  



TABLE W.III-8B 

EXPOSURE PARAMETERS FOR REFERENCE RECEPTOR’ 

AU pBthwayr u d a a  otherwine specified 
EF WY) 350 

ED 01) 70 
BW 0%) 70 

AT- . - .  ( 4  25550 
AT-- (d) 25550 

Inhalation of dusts, volatilca, and radon 
IR (m’/day) 0.83 

ET (b/d) 24 

Incidental Ingestion of soils 
IR 6dd) 0.18 

Fl (unitless) 1 

Dermal contact with soil 
SA (cm’) 5750 

AF (mglcm’) I .o 
ABS (umitlcss) csv 
External Radiation 
ET, &Id) 18.3 

ET- W )  5.7 

SH, (unitleas) 0.5 
s l g ,  (unitlcss) 0 

Ingestion of drinking water 
IR (LW 2.0 

Dermal contact while bathing 
SA (cm’) 23 ,000 
D A  (mglcm’- csv 
event) 
ET .25 

350 

6 

I5 
2190 

25550 

0.5 
24 

02 
I 

2000 
1.0 

csv 

22 
2.0 
0.5 
0 

1 .o 

8OOO 

csv 

.25 

350 
70 

IO 
25550 
25550 

NA 

NA 

NA 
N A  

NA 
NA 

N A  

N A  

NA 

NA 

N A  

NA 

NA 

NA 

NA 

250 
25 
70 

9125 
25550 

0.83 

24 

0. I 
1 

5750 
1 .o 

CSV 

6 
4 

0.5 

0 

NA 

NA 

NA 

NA 

I IO 
12 
43 

4380 

2555 

0.83 

2 

0.1 
0.13 

4200 
1 .o 

csv 

NA 
2 

NA 

0 

NA 

NA 

NA 

NA 

40 

32 

70 

11680 
25550 

0.83 

I 

0. I 
0.6 

5750 
1 .O 

csv 

NA 

1 

NA 
0 

NA 

NA 

NA 

NA 

350 
70 

70 

25550 
25550 

NA 

N A  

NA 
NA 

NA 

NA 

NA 

N A  

NA 

NA 

NA 

2.0 

23,000 

csv 

.25 

64 
6 

I5 
2190 

25550 

0.83 

4 

0 1 
0.25 

ZOO0 

1 .O 

CSV 

NA 
4 

NA 

0 

NA 

NA 

NA 

NA 

104 

12 
43 

4380 

2555 

0.83 

4 

0. I 
0.25 

4200 
1 .o 

CSV 

NA 
4 

NA 
0 

NA 

NA 

NA 

NA 

40 

38 

70 

13870 

25550 

0.83 

4 

0.1 

0.25 

5750 

1 .O 

CSV 

NA 

4 

NA 
0 

NA 

NA 

NA 

NA 

40 

14 

70 

51 10 
25550 

0.83 

2 

0.1 
0.13 

5750 

I .o 
CSV 

NA 
2 

NA 

0 

NA 

NA 

NA 

NA 

26 
6 

I5 
2190 

us50 

0.83 

1 

0.2 

0.06 

2000 
I .o 

CSV 

NA 
1 

NA 

0 

NA 

NA 

NA 

NA 

39 

12 
43 

4380 

25550 

0.83 

2 

0. I 
0.13 

4200 

1 .o 
CSV 

NA 
2 

NA 

0 

NA 

NA 

NA 

NA 

52 
38 

70 

13870 

25550 

0.83 

2 

0.1 
0.13 

5750 

I .o 
CSV 

NA 

2 
NA 

0 

NA 

NA 

NA 

NA 

26 

14 
70 

5110 
25550 

0.83 

I 

0.1 
0.06 

5750 

1 .O 

CSV 

NA 
I 

NA 
0 3 

a 5  
% z  

NA 2 $ 

P 
NA 

a 



TABLE H.III-8B 
(Continued) 

N A  NA 

N A  NA 

N A  NA 
N A  NA 

Damal contact wbilc wading or swimming 
SA ( c d  N A  N A  

D A  (mglcd- N A  NA 
CVCOI) 

EF (evcnt/y) N A  NA 

ET (a) NA NA 

Ingestion of meat 

IR QgW 0.1 .039 
FI (unitless) .15 .75 

Ingestion of dairy products 
IR (LW 0.4 0.9 

FI (unitless) .75 .75 

Ingestion of fruits and vegetables 
IR ( k g w  .I22 .lo6 
FI (unitless) 0.5 0.5 

Ingestion of ti& 

IR N A  NA 

Fl (unitless) N A  NA 

EF (W NA NA 
ED W N A  NA 

NA 

N A  

NA 

N A  

N A  

N A  

NA 
N A  

0.1 
75 

0.4 
.75 

NA 

NA 

N A  

NA 

NA 
NA 

N A  

N A  

N A  

NA 

N A  

N A  

N A  

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 
NA 

.035 
I 

52 
12 

5130 

CSV 

52 
I 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 
NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 
NA 

NA 
NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

0.05 
2.6 

7 
30 

23 ,ooO 
CSV 

7 
2.6 

0.1 
.75 

0.4 
.75 

.122 
0.5 

.OS4 
1 

122 
30 

N A  

N A  

N A  
N A  

N A  

N A  

N A  
N A  

N A  

N A  

NA 

NA 

NA 

NA 

NA 

NA 

NA 
NA 

.035 
1 

52 
12 

5130 
CSV 

52 
I 

N A  

N A  

NA 

NA 

NA 

NA 

NA 

NA 

NA 
NA 

N A  

N A  

N A  
N A  

N A  

N A  

N A  
N A  

NA 

N A  

NA 

NA 

NA 

N A  

NA 

NA 

NA 
NA 

NA 

N A  

NA 
N A  

N A  

N A  

NA 
NA 

NA 

NA 

NA 
NA 

NA 

NA 

NA 
NA 

NA 

NA 

N A  

N A  

N A  
N A  

N A  

N A  

N A  

N A  

NA 

N A  

NA 

N A  

NA 

N A  

N A  
NA 

NA 

N A  

.035 

1 
52 
12 

5130 
CSV 

52 
1 

NA 
NA 

NA 

N A  

N A  

NA 

NA 

N A  

N A  

NA 

NA 

NA 

NA 
N A  

N A  

N A  

NA 
NA 

N A  

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Sources a d  assumptions for exposure parameters are discussed in the OU5 RI (DOE 1994) skilor the Supplemcnlal Guidance to the FEMP RAWPA (DOE 1994g). 
CSV - Chemical specific value 

NA 

NA ' 

NA 
NA 

NA 

N A  

NA 
NA 

NA 

NA 

NA 

NA 

NA 

NA 

N A  
NA 

NA 
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TABLE H.111-9 

DERMAL SOIL ABSORPTION COEFFICIENTS 
A N D  DERMAL WATER PERMEABILITY COEFFICIENT 

COC ABS KP 
Inorganics 
Antimony 
Arsenic 
Beryllium 
Cadmium 
Magnesium 
Manganese 
Mercury 
Silver 
Uranium-Total 
Organics 
1,2-dichIoroethane 

Benzo(a)pyrene 
Trichloroethene 
Aroclor- 1254 
Aroclor- 1260 

2,3,7,8-TCDD 

1.00 x lo2 

1.00 x lo2  
1.00 x lo-* 
1.00 x 
1.00 x lo2 
5.00 x 10" 
1.00 x I O 2  

1.00 x 10-3 

LOO x 10-3 

3.00 x 10" 
3.00 x lo2 

NIA" 
3.00 x 10 '  
6.00 x lo'* 
6.00 x 10.' 

1 x 10-3 
1 x 10-3 
1 x 10-3 
1 x 103 
1 x 1 0 3  

1 x 10-3 
1 x 10-3 
1 x 10-3 
1 x 10-3 

5.3 x 10-3 
1.4 x 100 
1.2 x loo 

1.70 x lo'* 
7.1 x IO-' 
7.1 x lo-' 

SOURCE: OU2 RI report (DOE 1994a) 

a Dermal Exposure to PAHs: Current policy indicates it is inappropriate to extrapolate dermal 
slope factors from oral slope factors for PAHs. Also, extrapolation from other routes of 
exposure is inappropriate due to varied absorption, metabolic transformations, and target organ 
end point responses. However, PAHs are potent skin carcinogens. Current information on the 
contribution to cancer risk from dermal exposure to PAHs indicates the toxicity from the dermal 
pathway may be as toxic as from oral route of exposure. To estimate the risk contribution from 
PAHs via dermal exposure for all direct contact pathways, the risk posed for dermal exposure 
was assumed equal to the risk from oral exposure. 

FER/OUSFS/AEM/H.III-A~.NEW/November 10. 1994 H . III-26 
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TABLE H.111-90 

POmREMEDIATION EXPOSURE POINT CONCENTRATIONS 

Constituents of Farming On On-Sh Air On-Site Off-Site On-Site Surface Great Miami Off-Site Off-site 
Concern Site Average On-Site Soil Groundwater Groundwater Water River soil Air 

Inorganics/Organics 
Antimony 

Aroclor-1254 
Aroclor- 1260 
Arsenic 

Be ry U i u m 
Benzo(a)pyrene 
Cadmium 
1,2dichloroethane 
Magnesium 

Manganese 
Mercury 
Silver 

2,3,7,8-TCDD 

Trichloroethene 
Uranium-total 

7.92 x l o7  
1.07 x 10' 

7.90 x 10' 
1.59 x 10-7 
8.43 x 10-7 

8.00 x 109 
ND 

3.18 x 10' 

4.60 x 10'0 
5.27 x 

ND 
3.10 x lo-" 

7.30 x 10" 
1.28 x 10" 
5.90 x 10'' 

ND 
4.48 x 10' 
2.00 x 109 

ND 
ND 

ND 
7.70 x 1043 

9.51 x l o9  

1.42 x 10-7 
1.84 x 10' 
4.80 x 10' 
1.38 x 10-7 
4.21 x 10-7 
4.00 x 10-9 

ND 
2.96 x lod 

ND 
1.58 x lo-'' 

ND 
9.00 x 10'" 

1.40 x lo-'' 

1.11 x 10" 
1.60 x 10" 

ND 
7.70 x lo7 

ND 
ND 
ND 

ND 

4.42 x 10'" 
8.89 10-9 

3.84 x 10' 
ND 

1.19 x 10' 
2.50 x 10.' 
6.45 x 10-1 

3.17 x 

ND 
2.27 x 10' 

3.23 x 10.' 

2.46 x 

ND 
1.92 x 10' 

6.18 x 

2.00 x 10-2 
7.59 x 10-2 

ND 
2.82 103 

ND 
ND 
ND 

ND 

7.55 x 10-4 
8.30 x 10' 

3.28 x 

ND 
2.83 x 

1.68 x 10' 
ND 
ND 

1.33 x 10' 
3.01 x 10' 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

1.42 x 10' 
ND 
ND 

ND 

ND 
8.61 x 10-3 

ND 
ND 

5.36 x 10' 
4.18 x 10.' 

ND 
ND 

8.29 x 

1.87 x 10' 

ND 
ND 
ND 
ND 

ND 
ND 
ND 

ND ' 

ND 

ND 
ND 
ND 
ND 

ND 
5.20 x l o3  

1.45 x lo-' 

ND 
1.09 x 100 

ND 
3.06 x 10' 

1.66 x 10-4 
7.45 x 10" 

1.68 x 10' 

1.04 x 10-4 

ND 
ND 

1.14 x 10' 
2.38 x 10-3 
1.29 x 10.' 

ND 
ND 
ND 

1.07 x 10' 
1.01 x 10-3 

ND 

ND 
ND 
ND 

7.37 x 10-5 

ND 
7.43 x 102 

2.23 x loo 
1.23 x 10-3 

8.44 x 10' 
6.61 x lo4 

1.49 x 10' 

8.46 x lod 

ND 
ND 
ND 

1.87 x 10' 
7.08 x l o9  

ND 
ND 
ND 

ND 
8.18 x l o5  

ND 
ND 

ND 
ND 

ND 

ND 
1.50 x l o 2  

2.50 x 10' 
2.65 x 10.' 

ND 
2.19 x 

1.32 x 10' 

ND 
2.20 x 102 

ND 

ND 
ND 

2.20 x 102 
ND 

ND 
2.63 x lo2 

ND 
ND 
ND 
ND 

2.00 x 10-3 
3.93 x 100 

6.17 x 10' 

8.00 x 10.' 

2.43 x 10' 

3.34 x 10-7 
2.43 x lo7 

1.74 x lo9 
4.95 x 10-9 

1.58 x 10' 

0.00 

1.18 x lo-" 
ND 

3.91 x 10" 

6.09 x 

9.35 x 10'2 
6.96 x 1012 

ND 
3.94 x 10-7 

ND 
ND 

, 

ND 
ND 

6.43 x 1043 
4.75 109 
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H.IV RISK CALCULATIONS 

Risk characterization is the final step in the CRARE process, combining the information developed in 
the toxicity assessment and the exposure assessment. Section H.IV. 1 presents an overview of risk 
characterization and quantification methodologies for carcinogenic and noncarcinogenic compounds 
evaluated in this CRARE. A summary of risk by receptor and the detailed calculation tables can be 
found in Section H.IV.2. The risk results presented in this attachment reflect strictly the incremental 
risks associated with postremedial sources above background (radionuclides and inorganics). Total 
risk, that which is attributable to postremedial sources in addition to background, is presented in 
Attachment V of this report. Additionally, risks illustrating the impacts associated with postremedial 
sources plus inorganic background concentrations only are presented in Attachment V. 

H.N. 1 RISK CHARACTERIZATION METHODOLOGY 
In this CRARE, the potential risks to humans following exposure to postremediation residual COCs 
(radionuclides and nonradioactive chemicals) have been estimated using methods established by the 
EPA. The EPA has provided guidance documents and databases for characterizing human health risk, 
and these have been used as major sources in preparing CRARE risk assessments: 

Risk Assessment Guidance for Superfund (EPA 1989a) 
Integrated Risk Information System (EPA 1994a) 
Health Effects Assessment Summary Tables (EPA 1994b) 
Exposure Factors Handbook @PA 1989d) 

H.IV. 1.1 Hazardous Chemical ExDosures 
Risks from nonradionuclide COCs have been estimated for carcinogenic and/or noncarcinogenic 
effects. Some carcinogens may also pose a noncarcinogenic toxic hazard. For those COCs that have 
an RfD available, the noncarcinogenic HQ was calculated. Effects due to exposures from these 
chemicals have been characterized for both types of health effects. 

Risk Characterization Methodologv for Carcinogens 
The risk attributed to a carcinogen was estimated as the ILCR of an individual as a result of exposure 
to the contaminant. At low doses, the risk of developing cancer was estimated as follows @PA 
1989~): 

Risk = (CDI)(SF) (Hm-1) 

where 

Risk 
CDI 

= 
= 

risk of cancer incidence, expressed as a unitless probability, 
chronic daily intake averaged over 70 years (mg/kg/day), and 
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SF = slope factor (mg/kg/day)’. 

For dermal exposure, cancer risks were calculated using adjusted toxicity factors based on absorbed 
doses of contaminants rather than contaminant intakes. For a given pathway with simultaneous 
exposure of a receptor to several carcinogens, the following equation was used to sum cancer risks: 

Ris$ = Risk (chem,) + Risk (chemJ + ... Risk (chem,) (H . IV-2) 

where 

RiS% = total pathway risk of cancer incidence, and 
Risk (chem;) = risk associated with an individual carcinogenic chemical. 

In compliance with EPA guidance (EPA 1989a), the ILCR values estimated in this CRAM for the 
potentially exposed receptor were compared to an incremental upper-bound lifetime cancer risk to an 
individual of lo4 to 106. 

5 s  
The risk associated with exposure to noncarcinogenic hazardous COCs was evaluated by comparing 
an exposure level or intake to a RfD. It is recognized that this methodology for assessing the human- 
health effects of noncarcinogens does not give a measure of risk, per se (as is calculated for the 
carcinogens), but rather a ratio of intake to threshold limit. Even so, for convenience the term “risk” 
will continue to be used when discussing these evaluations. The ratio of intake/RtD for a single 
contaminant is the HQ and is defined as (EPA 1989a): 

HQ = I/RfD (H.IV-3) 

where 

HQ = hazard quotient (unitless), 
I = intake of a chemical (mg/kg/day), and 
RfD = reference dose (mg/kg/day). 

When using this equation to estimate potential noncarcinogenic risk, the intake and RfD must be 
derived from exposures of equivalent duration (e.g., subchronic, chronic, or fewer than two weeks). 
For this CRARE, COC exposures have been evaluated in all cases on a chronic basis, using chronic 
RfD values. Analogous to cancer risks, dermal noncancer risks were assessed using absorbed dose 
rather than intake. 
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In the case of simultaneous exposure of a receptor to several chemicals, an HI was calculated as the 
sum of the HQs by: 

HI = Ii/RfD, + LJRfD, + ... Ii/RfDi (H.IV-4) 

where 

HI = hazard index (unitless), 
Ii = intake for the i* toxicant, and 
RfD, = reference dose for the i"' toxicant. 

The HI is an indicator of the potential for adverse effects asso iat d with chronic exposures to 
multiple chemicals. In effect, HIS assume dose additivity for all COCs (EPA 1989a). 

In compliance with EPA guidance @PA 1989a), the noncarcinogenic HIS summed across pathways 
were compared to "unity." An HI of unity indicates that the exposure intake is equal to the RfD. If 
the HI is greater than 1 or "above unity," there is concern for potential health effects. Major 
categories of noncarcinogenic health effects include neurotoxicity, developmental toxicity, 
reproductive toxicity, immunotoxicity, and adverse effects on target organs, such as hepatic, renal, 
respiratory, cardiovascular, and dermal/ocular problems (EPA 1989a). 

H.IV. 1.2 Radiological ExDosures 
This section presents the procedures for estimating the total lifetime excess cancer risks due to 
exposure to radionuclides. 

Risk Characterization Methodolorn for Internal Exoosures 
Risk characterization for internal exposures to radionuclides (intake via inhalation or ingestion) was 
calculated as follows (EPA 1989a): 

Risk = (I)(SF) (H .IV-5) 

where 

Risk = 
I = lifetime radionuclide intake (pCi), and 
SF = slope factor (pCi)-'. 

risk of cancer incidence, expressed as a unitless probability, 

The slope factor is either a HEAST value for a particular radionuclide or the sum of the HEAST 
slope factors for that radionuclide and its short-lived progeny to account for ingrowth during storage 
and/or environmental transport. 

H-IV-3 
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4 
Risk Characte rization Methodolorn for External Gamma E X D O S U C ~ ~  
For this CRARE, risk characterization for external exposure to gamma-emitting radionuclides in 
contaminated surface soil was calculated as follows (DOE 1992a): 

where 

Risk. = risk of cancer incidence, expressed as a unitless probability, 
c, = radionuclide soil concentration (pCi/g), 
SF = radionuclide slope factor (risWyr/pCi/g) from EPA (1994a), 
ET = fraction of day exposed (unitless), 
ED = exposure duration (years), 
EF = modifying factor, fraction of year exposed (unitless), and 
SH = shielding factor (unitless). 

External slope factors do not include contributions from decay products (radioactive progeny). In 
some cases, these contributions were substantial and required the inclusion of progeny in the overall 
risk calculation. 

H.IV.2 INCREMENTAL HUMAN HEALTH RISKS 
This section presents the risk and HI estimates for the target and reference receptors by pathway. 
Table H.IV-1 summarizes the total HI and ILCR for each receptor. Complete calculation sheets of 
the risk values can be found in Tables H.IV-2 through HJV-120. The target receptors are presented 
first, followed by the reference receptors. 
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TABLE H.IV-1 

SUMMARY OF TOTAL ILCR AND M 
FOR ALL RECEPTORS, CRARE APPROACH 

Target Receptor ILCR M 
Undeveloped-Park User 

Off-Property Farmer 
Adult 
Child 

2.2 x lod 1.0 x 

4.3 1 0 5  1.6 x lo-' 
1.7 1 0 5  7.2 x lo-' 

Reference Receptor ILCR HI 

On-Property Farmer 
Adult 
Child 

Commercialhdustrial User 

Developed-Park User 

Wildlife-Reserve User 
D 

Expanded Trespasser 

Meat and Milk Consumer 

Great Miami River User 

2.1 x 104 
3.5 x 1 0 5  

2.9 1 0 5  

4.8 x lod 

1.9 x 

1.5 x l o 6  

3.3 x 10-5 

7.7 x 1 0 7  

H-IV-5 

1.0 x l o o  
5.4 x loo 

4.3 x le2 
1.2 x lo2 
9.1 x 10-3 

1.4 x lo-* 
2.6 x lo-' 

3.9 x 10' 



I ’  

IR 
ET 
EF 
ED 
BWa 
AT 
ATa 
cs 

P - 
BWXAT 

Inkhtionrate d pres 
exposure time 
exposure frequeng 
exporure duration 
Ekdy weight (adult) 
Average time for circimgcns 
Averagc time for om-c~rcimgens (adult) 
Coocentmtion of chemicals in particutatcar modeled 

Table IIJV-2 
Summary of Risk Quantitrtioa (chemicak) 
Tug& Recpor:  Uadevdopal Park ZBa 

Via Iahalatioa of Putkulr lcs  

EhiM 

0.83 
1 

40 
6 
IS 

zs550 
2 190 

a v  

Compoud Coocento tion Units 

antimony 
ardor-  US4 
a r d o r -  U60 
arsenic 
beryllium 
knm(a)pyrcnc 
cadmium 
1.2-didoroctle 
magqcrhm 
manganeic 
mercury 
rilwr 

tricblaocthcnc 
uranium-total 

2.3.7.8 - ledd 

I ne 

1.6E-11 

9.0% 11 
1.4E- 11 
ME-I1 
1.6E-11 

7.7E-07 

4.4E- 13 
8.912-09 

yollm 

0.83 
2 

104 
Y 
43 

25550 
4380 

a v  

aadt 

0.83 
2 
40 
38 
10 

zss50 
U870 

U V  

renoir 
a.!m 
0.81 m 3 ~ ~ ~  

1 hour/chy 
26 daydyear 
14 years 
70 k) 

zss50 days 
SI10 days 

a v  

., . .  
I -/ 

..-. , 

. -  \ ._ . 

. .  



... ~ 

_ .  
. '. 
(. .: ; 
._I . . 
.., . 
.-7, 

0 
Q a 
Lr! 
).a 
8 

Compound 
antimny 
arodor- 1254 

Table H.IV-2 (continued) 
Summary of Risk QmamCtatioa (chemicals) 
Target Recptor: Uadevebped Part User 

Via Inhalation of Partialabs 

HQCalculation 
CDI RfD HQ 

(mdkg-day) [mdlrg-day) (udtless 
NA 

6.3E-14 6.38-14 

3.6E-13 
5.6E-14 
4.48-14 
6.48-14 

3.1E-09 

NA 

NA 

NA 
NA 
NA 
NA 

1.8E-15 

arodor-1260 
arsenic 
bef ium 
betm(a)pyrene 
cadmium 
l.2-dcHoloethane 
magnesium 
manganese 
mercury 
silver 
2,3,7,8-t~dd . 

A 
3.68-13 
5.68-14 
4.4E-14 
6.48-14 

tnchloroetkne I uranium-total 

NA NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.9E-03 

1.4E-05 
8.6E-05 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 
I HQ Semautioa = 

I ILCR Calculation 
I I CDI I CSF 

NA NA 

amclor-1260 
arsenic 
b e d i u m  
benm(a)pyrene 
cadmium 
1.2-dcHoloetl~ne 
magnes urn 
mangdnese 
merrury 
silver 

tnchlometkne 
2,3,7,8-tdd 

I uranium-total 5E-11 

NA 
NA 

l.SE+Ol 
8.4E+00 
6.1E+00 
6.3E+00 
9.1E-02 

NA 
NA 
NA 
NA 

l.SE+OS 
6.OE-03 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

S.4E-12 
4.7E-13 
2.7E- 13 
4.OE- 13 

NA 
NA 
NA 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA . 

l.lE-17 

I 

I ILCR Semnution = 6.5E- 12 



Table H.W-3 
Summary of Risk Quantitation (radionuclides) 

Target Recptor: Undeveloped Park User 
Via Inhalation of Gases and Particulates 

tisk Equation = CAXEFXEDXIRXET 

IR Inhalation rate of gases 
ED J 3 p u r e  duration 
ET Exposure time 
EF Exposure frequency 
CA Concentration of radionuclides in air 

1.4E-07 pCim3 
1BE+00 pCim3 
4SE-08 pCim3 
1.4E-07 pCim’ 
4.28-07 pCim’ 
4OE-09 pCim’ 

pCim3 
3.OE-06 pCim’ 

p ~ i m ’  
pCim3 

c h i l d - *  

083 OB3 OB3 
6 12 38 
1 2 2 

40 104 40 
CSV CSV CSV 

pCim3 
pCim3 
pCim3 
p C i d  
pcim’ 
pcim’ 
pCim3 
pcim’ 
pCim3 
pcim’ 

senoir 
adult - 
OB3 m’hour 

14 yean 
1 hodday 

26 daptyear 
CSV 

CDI CSF ILCR 
Ladionuclides (pCi) (pCi)-‘ (unitless) 

7.2E-04 
9.4E+03 
2.4E-04 
7.OE-04 
2.1E-03 
2.OE-05 

15E-02 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.OE-09 
738-13 
6.2E-11 
83E-12 
29E-08 
l.lE-07 
25E-08 
2.4E-08 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.1E-12 
688-09 
15E-14 

6.2E- 11 
2.2E- 12 

36E- 10 

5 8 ~ ~ 1 5  

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I ILCR Summation = 73E-09 
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Table HJV-4 
Summary of Rkk Quaditation (chemicaks) 
Tug& Recptcr: Undwelopcd Park User 

Via Incidental Ingestion of Soil/Sediment 

= CSXEFXEDXCPXIR 
BWXAT 

I n g s t h  mre d soil 
fw-cY 

Exposm duration 
Conwnion factor 
Amage h forcarcinvns 
Awnge time fornon-carc-ns 
Body weight 
Concentration ofchemicals in soil 

C k h l  Caaaalntiom 

Compound Concenfra tion Units 

antimony 
a r d o r -  1254 
ardor-1260 
arsenic 
beryllium 

Q h U m  
1.2-dichbroe tha 
magnesium 
mangarese 
==my 
siher 
2,3,78-(cdd 
trichloroethene 
lllaniUm-tOtdl 

bmq(r)pyle= 

ae 

3.2E-01 
25E-02 

1.9E-01 
6.2E-02 
2oE-02 
7.6E-02 

28E+M 

7.6E - 04 
8.3E+00 

Referenus 

child - 
12 
40 
6 

lE -06 
25550 
2 w )  
Is 

CW 

a 
u 
lo5 
12 

E-06 
25550 
4380 

43 
C N  

I3 

c 
E -06 
25550 
mm 

70 
csv 

emir 
adult 

6 
a6 da*ar 
14 )ear 

- 

lE-06 kghg 
25550 day 
5110 day 

m l e  
csv 



I 

Lmpound 
udimony 

Table H.IV-4 (continuedl 

HQ Calcula icn 
CDI RID I i  Q 

(mgkg-day) (mgkrg-day) (uniless) 
l.lE-08 4.OE-04 2.8E-OS 

Summary of Risk Qmamtitatiom (c~emicals) 
Target Recptor: Undeveloped Bark U ~ e r  
Via Incidental Ingestion of SoiVScdiment 

I HQ Summaion = 1.6E-04 

NA 
NA 

2.2E-OS 
4.38-07 

NA 

NA 

NA 
NA 
NA 
NA 

2.68-06 

1.OE-OS 

4.38-09 
9.6E-OS 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

.E- 10 

.6E - 09 

.1E-09 

.9E- 10 

.6E - 09 

7E-05 

6E-11 
9E - 07 

NA 
NA 

3 s - 0 4  
5.OE-03 

1.OE-03 

9.7E+00 
1.4E -01 
3.OE-04 
S.0E-03 

NA 

NA 

NA 
6.OE-03 
3.OE-03 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I ILCR Calculation 
I CDI I CSF I ILCR 

Compound I (mgkg-day)l(mgkg-day)-l I (unillgs) 
mtimonv I l.lE-08 NA NA 
lroclar - 1254 
~ o ~ l ~ r  - 1260 
-ic 
iayllium 
iemo(a)pyrene 
:admiurn 
12-dichluod hane 
nagnesium 
nanganese 
nacury 
iilva 

richlcroethene 
iranium -total 

!,3,7,8 -tcdd 

.%-lo 

.6E - 09 

.1E-09 

.9E- 10 

.6E - 09 

.7E-O5 

6E-11 
9E-07 

7.7E+00 
7.7E+00 
1.8E+00 
4.3E+00 
7.3E+00 

NA 

NA 
NA 
NA 
NA 

9.1E-M 

1.5E+05 
l.lE-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.5E-09 

12E-08 
9.2E-09 
5.OE-09 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.98-13 

I 
I ILCR Summation = 3.2E-08 



Table H.IV-5 
Summary of Risk Quantitation (radionuclides) 

Target Recptor: Undeveloped Park User 
Via Incidental Ingestion of Soil/Sediment 

tisk Equation = C S X E F X E D X F I X I R  

IR Ingestion rate of soil 
EF Exposure frequency 
ED Exposure duration 
FI Fractional Intake 
cs Concentration of chemicals in soil 

3.8E-04 pCimg 
pCimg 

1.2E-04 pCimg 
2.5E-04 pCimg 
6.5E-04 pCimg 
3.2E-05 pCimg 

pCimg 
2.8E-03 pCimg 

pCimg 
pCimg 

c h i l d - *  

12 13 13 
40 104 40 
6 12 38 
1 1 1 

csv ' csv CSV 

senoir 
adult - 

6 mg/day 
26 daydyear 
14 year 
1 (unitless) 

csv 

pCimg 
pCimg 
pCimg 
pCimg 
pCimg 
pCimg 
pCimg 
pCi/mg 
pCi/mg 
pCi/mg 

CDI CSP ILCR 
(pCi) (pCi)-' (unitless) tadionuclides 

R%+M 1.6E-05 

S k + l d  4.9E-06 
Tc, 1.OE-05 

2.6E-05 
1.3E -06 

U25((+2d l.lE-04 

Rn222 NA 

Thwo 
b + l O d  
UUSL36 NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.8E-10 
1.4E- 12 
3.6E-11 
1.3E- 12 
1.3E-11 
1.7E- 10 
1.6E-11 
2.OE - 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.2E- 14 

1.8E- 16 
1.3E- 17 
3.4E- 16 
2.2E- 16 

2.3E- 15 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I ILCR Summation - - 1.5E- 14 

. .  
. . . I  



Risk Emation 

SA 
AP 
EF 
ED 
a 
BW 
AT 
AT 
ABS 
cs 

Table H.IV -6 
S m m a r y  of Risk Quantitatioa (chemicals) 

Target Recptor: Undeveloped PukUssr 
Via Dermal Corntactwith Soil/Sedimsrnt 

= CSXEFXEDXCPXABSXAFXSA 
BW X AT 

SLlrfaceareaofexposedskin 
Absorblion facbr 

Exposureduraion 
Cbnverson fador 

Average time br carcinogens 
A m g e  time br non-cardnogens 
Absorblion facbr 
Cbncmtraion ofchanicdsin soil 

-re k*mcy 

Bcdywd&t 

- ddd EL!& 

2000 4U8 

40 101 
6 12 

E-06 1.0a)E-06 
15 43 

25550 25550 
2190 4380 

csv csv 
csv csv 

csv csv 

&mwund ABS Cbncmtraion Units 

imtimony 
amdor-1254 
amdor-1260 
d C  

benm(a)pyrme 
Cadmium 
1.2-dichlomehime 
magpeium 
mimganese 
m-ry 
silver 
23.78- tald 
tichlomehene 
uranium- total 

w m  

1.E-02 3.E-01 
6.E-02 2.E-02 
6.E-02 
1.E-03 1.9E-01 
1.E-02 6 s - 0 2  
3.E-01 2.E-02 
1.E-02 7.E-02 
3.E-01 
1.E-02 2AE+03 
L E - 0 2  
5 .E-02  
1.E-02 
3.E-02 
3.E-01 7.E-04 
1.E-02 83E+ 00 

NA 

Rtfamces 

- adult 

5750 

40 

E-06 
70 

25550 
13870 

CSV 

c5v 

csv 

3a 

smoir 
adul t 

5750 a n k a y  

- 

csv (unidess) 
26 dayslyear 
14 year 

E-06 Lglmg 

25550 day 
5110 day 

70 Lg 

csv (unillas) 
csv 

Cbmwund ABS Cbnccntraion Units 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 



Summary of Risk Qmrathatioa (dienials) 
Target Recpbr: Undeveloped P a d  User 
Via Dermal Contrctwitb SoillSsdimant 

HQCalculation 
CDI RfD HQ 

Compound (mdkg-day) (mdkg-day) (u~itless) 
antimony 3.98-08 6.OE-05 6.5E-04 
amclor-1254 
amclor- 1260 
arsenic 
b e 4 i u m  
benm(a)pyrene 
cadmium 
1,2-dcHometbane 
mag~e.4 um 
manganese 
mercury 
silver 
2.3.7.8-lcdd 
trichlometkne 
uranium- total 

8E-08 

3E-09 
4E-09 
2E-08 
1E-09 

4E-04 

7E-09 
OE-06 

NA 
NA 

2.9E-04 
5.OE-03 

5.OE-OS 

4.9E-01 
4.28-03 
4SE-OS 

NA 

NA 

NA 
NA 

5.9E-03 
15E-04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

8.lE-06 
1.5E-06 

NA 

NA 

NA 
NA 
NA 
NA 

1.8E-04 

7.OE-04 

4.6E-07 
6.68-03 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I I I HQ Summation = 8.2E-03 

Compound 
antimony 
amclor-1254 
amclor- 1260 
arsenic 
beqlliurn 
beluo(a)pyreoe 
cadmium 
1.2-dctiomethane 
magoes urn 
manganese 
mercury 
silver 

tricliotuetkne 
uranium- to tal 

2.3.7.8-tcdd 

ILCR Calculation 
CDI I CSP I ILCR 

imn/kg-day)I [mn/kg-day)-' I (unless' 
3.9E-08 NA NA 
ME-08 l.OE+Ol 

JA l.OE+Ol 
2.38-09 1.8E+00 
7.4.E-09 4.3E+00 
7.28-08 NA 
9.1E-09 NA 

3.4E-04 NA 
JA NA 
IA NA 
JA NA 
JA 3.OE+05 

JA 1 .OE -01 

2.78-09 l.lE-02 
1.OE-06 NA 

IA NA 
IA NA 
IA NA 
IA NA 
IA NA 
IA NA 
IA NA 
IA NA 
IA NA 
IA NA 
IA NA 
IA NA 
IA NA 
IA NA 
IA NA 
IA NA . 

1.8E-0i 

4.28-09 
3.2E-08 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.1E-11 

[ ICR Sumrmtion = 2.2E-07 



T d c  HlV-7 
Smmmary of Rid Qaantitrtiom (ehsmiuh) 

Target,Racptor: Undeveloped h r k  User 
Vir Ingestion While Wadisg 

Risk Shur6on = C S X E F X E D X I R  
BWXAT 

IRsw Ingestion rateofsurhce water 
FF Eqmslrefrcquency 
ED Eqmrureduration 
BW Ekidywegbt 
AT Average time for carcinogens 
AT Average time brnon-carcinogens 2190 
CS CbncmtnPonof hemicakin rurface water CSV 

Cbmpound Cbncentration Units 

antimony 
amdor-1254 
amdor-1260 
atsmic 
bequium 
kzo(abpyrene 
cadmium 
1.2-diddoroethane 
magpeium 
manganese 
m e w r y  
silver 
23.78-lcdd 
tichlomethene 
UdUm-lotal  

References 

0.035 
52 
12 
43 

25550 
4380 
csv 

- add1 

13870 
csv 

smoir 
d u l  t - 

Uday 
dayslyear 
years 
Lg 
days 

5110 days 
csv 



Table W - 7  (comtinmed) 
Summary of Risk Quamtitation (denials) 
TargetRecpt~r: Umdevebped Park User 

Via Ingestion While Wadin8 

1NA 
NA 
2.27E-08 
4.73E-10 
2.568- 13 

NA 
NA 
NA 
2.13E-06 
2.OlE-08 

NA 
NA 
NA 

I HQ Calculation 
I I CDI I RID I HQ 

7.70E+00 
7.70E+00 

2.278-08 1.75E+00 
4.73E-10 4.30E+00 
2.56E-13 7.30E+00 

9.10E-02 
NA NA 

NA NA 
NA NA 
NA NA 
NA NA 

1.50E+05 
1.1OE-02 

Compound 
antiwnv I2.07E-09 4.00E-04 5.17E- 
amclor-1254 
amclor-1260 
arsenic 
beqllium 
benm(a)pyrene 
cadmium 
1.2-dcliomethane 
magnesium 
manganese 
merrury 
silver 
2.3.7.8-lcdd 
trichlometkne 

NA 
NA 
3.00E-04 
5.00E-03 

NA 
1.00E-03 

NA 
9.70E+00 
.WOE-03 
3.00E-04 
5.00E-03 

6.00E - 03 
NA 

NA 
NA 
7.558-05 
9.468-08 

NA 
NA 
NA 
NA 
4.25E-04 
6.69E-05 

NA 
NA 
NA 

I ILCR Calculation 
I I CDI I CSF I ILCR 
Compound 
anfiwny 12.07E-09 NA NA 

I (mdk-day)I (mdkg-day)-' I [uudess' 

amc~or- 1254 
amclor-1260 
arsenic 
b e d i u m  
benm(a)pyrene 
cadmium 
l,2-bcHoroethane 
magnesi um 
manganese 
mercury 
silver 
2,3,7,8-(cdd 
trichloroetkne 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 
I HQ S ~ I I U I U ~ ~ O O  = 5.73E -04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
3.978-o( 
2.03E-0( 
1.87E- ti 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I I X R  Snmmation = 4.178-08 



I r k  Booa6oa 

EP 
ED 
BW 
A T  
AT 
SA 
DA 

Table KIV-8 
Summary of Risk Quantitatkm (chemicals) 

Target Reeptor: Undeveloped Park Umr 
Via Dermal Contact whik W8di.8 

Ep X ED X DA X SA 
B W X A T  

Ejnmslre frequmcy 
Ejnmslreduration 

Avenge time brcamnogms 
Avenge time brnon -cartinogens 
Skin surface area 
memicals rpe4ificdemal absorbeddose 

Bodyweight 

Refera c a  

52 
12 
43 

25550 
2190 4380 

5130 
csv csv 

Oompound DA Units 

antimony 
amdor- 1254 
amdor-1260 
arsenic 
ber)uium 
bmzo(ab,yren e 
cadmium 
1,Z-diddoroethaae 
m a p d u m  
manganese 
m e n  ry 
silver 
23.7,8 - kdd 
tichlomethene 
uranium-btd 

1.04E -09 m g/cm2-d ay 
mg/cm2-day 
mglcm2-day 

1.14E-08 mg/cm2-day 
238E-10 mg/cm2-day 
729E-10 mg/cm2-day 

mg/cm2-day 
m g/cm 2-d ay 
m g/cm 2-d ay 

1.07E-06 mg/cm2-day 
1.01E-08 mglcm2-day 

mg/cm2-day 
mg/cm2-day 
mg/cm2-day 
mg/cm2-day 
mg/cm*-day 

smoir - -  adUll adult 

daydyear 
yean 
ki 
days 

an2 
13870 5llOdays 

CSV csv 

Cbmpound DA units 

mg/cm2-day 
mg/cm’-day 
m g/cm2-d ay 
m g/cm2-d ay 
m g/cm2-d ay 
m g/cm2-d ay 
mdcm2-day 
mdcm2-cJay 
mg/cm’-day 
mg/cm’dey 
mg/cm2day 
mg/cm2+ay 
mg/cm’-ciay 
m g/cm2d ay 
mg/cm2-tiay 



Table HJV-8 (conri.med) 
Summary of Risk Quantitrtion (&miah) 
TarmtRecpbr: Undeveloped Park User 

Compund 
antimony 

vi. I 
ILCR Calculation 

(mdkg-day) CDI (mdkg-day)-' CSF (uritless ILCR 

3.03E-09 NA NA 

_ _  - 
HQCaculation 

I I CDI I RfD I HQ 

I uranium-total 

Compund I (mdkg-day) I [mg/Lrp(-day) I (uritless' 
antimony 13.038-09 6.00E-05 5.05E-05 

kA 
NA 
3.32E-08 
6.938-10 
2.12E-09 
NA 
NA 
NA 
3.128-06 
2.94E-08 
NA 
NA 
NA 

a m c ~ o r - 1 ~ 4  
amdor-1260 
arsenic 
bewium 
ben(a)pyrene 
cadmium 
1.2-dcHomethne 
magnesium 
manganese 
mercury 
silver 
2,3,1.8-ledd 
tnchloroetkne 

I uranium-total 

NA 
NA 
3.32E-08 
6.93E-10 
2.12E-09 
NA 
NA 
NA 
3.123-06 
2.94E-08 
NA 
NA 
.NA 

NA 
NA 
2.85E-04 
S.OOE-03 

5.OOE-05 

4.858-01 
4.U)E-03 
4.SOE-OS 

NA 

NA 

NA 
NA 
5.88E-03 
1.5OE-04 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
1.17E-04 
1.39E - 07 
NA 
NA 
NA 
NA 
7.42E-04 
6.54E-04 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I HQ Snmaution = 1.56E-03 

amc1or-12~4 
amclor- 1260 
arsenic 
bewium 
benm(a)pyrene 
cadmium 
1.2-dcHomethne 
magnesi um 
manganese 
mercury 
silver 
2,3,1,8-tedd 
trichlometkne 

1.03E+01 
1.03E+01 
1.84E+00 
4.30E+00 
NA 
NA 

NA 
NA 
NA 
NA 

1.01E-01 

3.00E+05 
1.12E-02 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
6.12E-0( 
2.98E-O! 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I ILCR Snmmrtion = 6.428 -08 



Risk Equation 

IRSW 
EF 
ED 
cs 

Table H.IV-9 
Summary of Risk Quantitation (radionuclides) 

Target Recptor: Undeveloped Park User 
Via Incidental Ingestion while Wading 

= CSXEFXEDXIRsw 

Ingestion rate of s u f a a  wate 
Exposure frequem 
Exposure duration 
Concenwation of radionuclides in surface watex 

R?7.26+8d 1.5E-03 pCin 
%l2 pcin 

pcin =%9 
%a 

u238+2d 1.m-01 pcin 
pcin 
pcin 

Sr50+ld l .lE+00 pCin 

3.1E-03 pCiA 
%Z+lOd 1.7E-04 pCW 
u2311uS 7 . S - 0 3  pCin 

0.035 
52 
12 

csv csv 

pcin 
pcin 
pcin 
pcin 
pein 
pcin 
p C i  
pcin 
p C i  
pcin 

senoir 
adult - 

Vday 
dayslyear 
Y W S  

csv csv 

3.2E-02 

2.4E+01 

6.7E-02 
3.6E-03 
1.6E-01 
3.7E+00 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.8E- 10 
1.4E- 12 
3.6E-11 
1.3E- 12 
1.3E- 11  
1.7E- 10 
1.6E- 11 
20E- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.5E- 1 1  

8.6E- 10 
NA 

NA 
8.lE- 13 
6 . E -  13 
26E- 12 
7.3E- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I I K R  Summation - - 9.6E- 10 1 
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Table H.IV- 10 
Summary of Risk Quaatitation (radionuclides) 

Target Recptor: Undeveloped Park User 
Via External Radiation 

Zxposure Equation = [CR X EF X ED X ET, X (I-SHJ]+[CR X EFX ED X ET, X ( I-SHi)] 

senok - child youth adult adult 

EF Fractionof year spent arposured 0.11 0.28 0.11 0.07 (unitless) 
ED Exposure duration 6 12 38 14 years 
ET. Fraction of day spent outdoors 0.04 0.08 0.08 0.04 (unitless) 
ET1 Fraction of day spent indous NA NA NA NA NA 
SHi Shield factor indoors 0.5 0.5 0.5 0.5 (unitless) 
SH, Shield factor outdoors (unitless) 
CR Radionuclide specific concentrations CSV csv csv CSV 

R%+a . 3.8E-01 pCig 
R n ,  NA PCVB 
Sr90+ld 1.2E-01 pcig 
TCPP 2.5E-01 pCig 
3 . p  6.5E-01 pCig 
T h t a + l O d  3.2E-02 pCi/g 
U2Jslu6 NA PCilB 

NA P W  
NA P W  

u238+2d 2.8E+00 pCVg 

2.6E-01 

8.OE-02 
1.7E - 0 1 
4.3E - 0 1 
21E-02 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.9E+00 

6.OE-06 
1.2E-09 

6.OE- 13 
5.4E- 11 
8.X-06 
24E-01 
5.1E-08 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.5E-06 
NA 
NA 

1.OE- 13 
, 23E-11 

ME-01 

9.48-08 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

8 NA 
NA 
NA 
NA 
NA 

I 
1.8E-06 - [ILCR  urnm mat ion - I 



Table 1I.W-11 
Summary of RiEk Qualditatioa (d~cmicak) 

Tar@ Receptor: Off-Property Farm Raridcd (Aduk) 
Via lnhala!ion of Particulates 

IR 
EP 
EDn 
EDc 
BW 
ATe 
ATn 
cs 

Inbatation ralc d gscs (RAGS, 1909) 
Exporurc frequcng 
Exporurc duntion for non-carcinogns 
Exporurc dun tion for GI rcinogens 
Body weight 
Avcrap: time for tarsinogens (liktime) 
Average time for nm-carcinogens (EDn x365) 
Colucnbation of chemicals in soil 

- 
BWXAT 

Compounf Colucnba tion Units 

antimony 
a r d o r -  US4 
a r d o r -  1260 
arsenic 
beryllium 
benm(a)pyrcne 
cadmium 
1.2 - d i d o r o e h  ne 
magnesium 
manganese 
merculy 
silwr 
2.3.7.8- lcdd 
trichlrrocthenc 
unnium-total 

1.2E-11 

3.9E- 11 
6.1E-12 
9.38-12 
7.OE-12 

3.98-07 

6.4E-13 
4.0E-09 

20 m’tday 
340 daydycar 
70 Year 
70 Year 
70 kg 

25550 day 

(see table below) 
25550 day 



0 '  

Table H.IV-I1 (comtiamed) 
Somuary of Risk QaamCt.tioa (chemicals) 

Target Receptor: Off-Proprtyhrm Resident (Admlt) 
Via Inhalatiom of P a r t i d a b s  

- 
HQ Calculation 

CDI RID HQ 
Compound (mpi'kg-day) (mpi'h-day) (uritless' 
antimonv NA NA NA 
I amc1or-12~4 3.28-12 NA NA 
amclor-1260 
arsenic 
beflium 
bem(a)pyreae 
cadmium 
1,2-dcYometk.ne 
magoesium 
manganese 
merury 
silver 
2.3.1.8 -tcdd 
tnctioroetkne 
uranium-total 

NA 
NA 
NA 
NA 
NA 

NA 
2.9E-03 

1.4E-05 
8.68-05 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I I 
\Hazard Quotient Sum = 

I ILCR Calculation 
I CDI I ILCR 

amclor-1254 
amclor-1260 
arsenic 
beflium 
bem(a)pyreae 
cadmium 
1.2-dcYomet~ne 
magnesium 
manganese 
merrury 
silver 
2,3,1,8 - tedd 
trictioroetkne 
uranium-total 

NA 
NA 

1.5E+01 
8.4E+00 
6.1E+00 
6.3E+00 
9.1E-02 

NA 
NA 
NA 
NA 

l.SE+OS 
6.OE-03 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 

NA . 

NA 
NA 

1.6E-10 
1.4E-11 
l.6E-11 
1.2E-11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.1E-15 

1 ILCR Summation = 2.OE-10 

I 

, 

I 

I 

I 
I 

i 

I 

! 
I 

. , . .  
I 

I 

a3 
b b  



Zisk Equation 

IR 
EF 
EDn 
ca 

TableXIV-12 . 
Summary of Risk Quaatitation (radionuclides) 

Target Receptor: Off- Property Farm Resident (Adult) 
Via Inhalation of Gases and Particulates 

- - CaX EFX EDn X IR 

Inhalation rate of gases (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in air 

R%26+8d 6.28-08 
h222 8.OE-01 
srW + Id 2.4E-OS 

3.3E-07 
2.48-07 
1.7E-09 

u235n34 5.OE-09 
um+zd 1.6E-06 

T%9 
Thuo 
-%SZ+lOd 

20 m%y 
350 days&= 
70 Year 

(see table below) 

!adionuclides ( p a )  (pCi)-' (unitless) 

3.OE-02 

1.2E-02 
1.6E-01 
1.2E-01 
8.5E-04 
2.4E-03 
7.8E-01 

3.98+05 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.OE-09 
7.3E- 13 
6.2E-11 
8.3E- 12 
2.98-08 
l.lE-07 
2.5E-OS 
2.48-08 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.1E- 10 
2.98-07 
7.4E- 13 
1.4E- 12 
3.5E-09 
9.4E-11 
6.1E-11 
1.9E-08 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I ILCR Summation = 3.1E-07 
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IRs 

EF Emosure frenucnw 

Ingestion ate of soil (R 
. . .. C F  Conversion factor 

Table HIV-  13 
Summary of Risk Quaditaion (chemic&) 

Tu* Receptor: Off-Ropexty Farm Resided (Adult) 
Via Incidental Ingestion of Soil 

X C F U  
BWXAT 

GS, 1989) 

. .  
EDn 
E D c  

ATc 
ATn 
CS 

&sure dun tion for non-carcinogcnr 
Exposure dum tion for arcinogcns 

Average time for cm5mgcnr (lifetime) 
Average time for nm-areimgcns (EDn x365) 
Concentra tion of chemicals in roil 

. *- E W  Bodyweight 

Compoud Concentration Units 

antimony 
a r d o r -  US4 . ardor-I260 
arsenic 
beryllium 
benzo(a)pyrcnc 
admium 
1,2-did1Ioroette ne 
magnesium 
manginere 
merculy 
silver 
2.3.7.8-lcdd 
trichlooethenc 
uranium- total 

Refcrcnccr 

180 mg/day 
1.OE-06 kg/mg 

350 daystycar 
70 Ycar 
70 Ycar 
70 kg 

25550 dap 
25550 days 

(see table below) 

Compoud Concentration Units 

:. 5 



Table H.IV-13 (continued) 

I HQ Calcula im 
I CDI 

I ILCR Calculation 
I CDI I ILCR 

hmpound 
mt imony 
roclor-1254 , 

roclor - 1260 
usenic 
myllium 
mno(a)pyrene 
:admiurn 
I.2-dichluod hane 
nagnesium 
nanganese 
nacury 
i k a  

richluoethene 
iranium-total 

!,f7,8-tcdd 
.OE-03 8.2E-07 
OE-03 3.28-03 

[ HQ Summlion = 3.38-03 

lroclor~ 1254 

-ic 
myllium 
>emo(a)pyrene 
:admiurn 
1.2-dichluod hane 
nagnesium 
manganese 

iika 

r ichluoethene 
Jranium-total 

UOCIIX- 1260 

m6CUl'y 

1.3.7.8-tcdd 

4E-OS 

9E-OS 

92-00 

9E-09 
7E-06 

7.7E+00 
7.7E+00 
1.8E+00 
4.3E+00 
7.3E+00 

NA 

NA 
NA 
NA 
NA 

9.1E-02 

1.5E+o5 
I.1E-M 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.2E-07 

3.6E-07 
NA 

NA 
NA 
NA 
NA 

S.4E- 11 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I I ILCR Summation = 7.88-07 



6349 
Table H.IV- 14 

Summary of Risk Quantitation (radionuclides) 
Target Receptor: Off-Property Farm Resident (Adult) 

Via Incidental Ingestion of Soil 

tisk Equation 

IRS 
EF 
E h  
FI 
cs 

CS X EFXEDn XFIXIR - - 

Ingestion rate of soil (RAGS, 1989) 
Exposure Bequency 
-sure Duration 
Fractional Intake 
Concentration of radionuclides in soil 

pCi/mg 
pCi/mg 

25OE-04 pCimg 
2.65E-04 pCi/mg 

pCi/mg 
219E-05 pCi/mg 
1.32E-a3 pCi/mg 

pCi/mg 
pCi/mg 

1.5OE-05 p C i g  

180 mg/day 
350 daysbear 
70 Year 
1 (unitless) 

pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg - pCihng 
PCi& 
pCimg 
pCimg 
pCi/mg 
pCi/mg 

CDI CSF ILCR 

NA 
NA 
6.62E+01 
l.lOE+a3 
1.17E+a3 

9.66E+Ol 
5.82E+m 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.80E- 10 
1.4OE- 12 
3.60E- 11 
1.3OE- 12 
13OE-11 
1.70E- 10 
1.6OE-11 
2OOE-11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
238E-09 
1.43E-09 
1.52E-08 

1.593-09 
1.16E-07 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 
1.37E-07 - I ILCR Summation - 



:, . .. - 

0 
8 
Q 
$9 
8-1 
CD 

SA 
AP 
ABS 
C P  
EP 
EDn 
EDc 
Bw 
ATc 
ATn 
cs 

Table HJV-15 

T a r e  Receptor: Off-Ropcrty Farm Raided  (Aduk) 
Via Dermal C o n t a  wkh Soil 

Summary of  Rhk QuaolitrPion (rbcmic.LS) 

Surbcearca of exposed skin (50th percentile. hands only) 
Sail torkinadhcrcne fictor (RAGS 1989) 
chcmklr rpccifcabrorbtion factor (scc table below) 
Conversion factor 

Exposurc duntion for non-carcinosns 
Exposurc dun tion for Q rcincgcnr 
Body weight 
Averag time formrcinogcns (l&time) 
A v e n ~  limc for urn-arcinogcnr (EDn x365) 
Concentration of chemicals in roil 

exposure frcqucnLy 

Compoud ABS Concentnti Units 

antimony 
a r d o r  - US4 
a rodor- U60 
arsenic 
beryllium 
benim(a)pyrcnc 
odmium 
1,2-dichlorochnc 
magncshm 
mangncrc 
mercury 
r i l w  
2.3.7.8- tcdd 
trichloocthene 
UP nium - total 

1.00E-02 
6.00E -02 
6.00E-02 
1.00E -03 
1.00E-02 
3 .WE -01 
1.00E-02 
3.00E-01 
1.00E-02 
1.00E-02 
5.00E-02 
1.00E-02 
3.00E-02 
3.WE-01 
1.00E-02 

NA 

Z.20E - 02 

2 . 0 0 ~ - 0 2  

2.63E +M 

2.00E-03 
3.93E+00 

r  SO cm%a 
1 mglcm 

1E-06 k g h g  
QV 

350 dawar 
70 Year 
70 Year 
70 kg 

25550 days 
2ss50 days ' 



Table &IV-15 (mnti.med\ 
Summary of Risk Qnsn~trtion (ch&iaIs) 

Target Receptor: Off-property firm Resident (Adult) 
v 

I HQCalculation 
I CDI 

Compound 
antimony 
amclor-1254 
amclor-1260 
arsenic 
b e d i u m  
benzo(a)pyrene 
cadmium 
1,2-dcHomethane 
magnesium 
manganese 
mertury 
silver 
2.3.7.8 -tcdd 
trichlometkne 
uranium --to tal 

5E-01 4.278-0. 

4.SOE-OS 

E-08 S.88E-03 8.04E-M 
E-06 1.50E-04 2.06E-0: 

I HQ Somrmtioa = 2.1 1E - 0: 

Dermal Ckhktrvirh Soil 
I ILCR Calculation 

I I CDI I ILCR 

amclor- 1260 
arsemic 
beqllium 
benzo(a)pyrene 
cadmium 
1.2-dcHometkme 
magnes um 
manganese 
menury 
silver 
2.3.7.8-tcdd 
trichlometkne 
uranium-total 

1.03E+01 
1.03E+01 
1.84E+00 
4.30E+00 

NA 
NA 

NA 
NA 
NA 
NA 
3.00E+OS 
1.12E-02 

1.01E -01 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA . 

1.07E -o( 

NA 
NA 

NA 
NA 
NA 
NA 

5.30E-lC 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I I 

[ILCR Sommation = 1.07E- 06 



IR 
EP 
EDn 
EDc 
Bw 
ATc 
ATn 
cs 

Ingestion ratc of grounchvatcr (RAGS, 1989) 

Exposure duration for non-carcinognr 
Exporurc dura tion for B rcinogens 

Avengc time for c a r c i m g ~ n ~  (liLtimc) 
A w ~ a g c  time for nm-carcinogens (@Do 1365) 
Co~centla tion of chemicals in groundwtcr 

Exposure frequency 

Bady Weight 

Table HJV-16 
Summary of Risk Quaditatim (chemic&) 

Tug& Receptor: Off-Property Farm Raid- (Adul) 
Via Drinking W a t a  Ingestion 

2 V h y  
350 daydyear 
70 Year 
70 Year 
70 kg 

25550 dayl 
25550 days 

antimony 
a r d o r  - lZS4 
ardor-U60 
arsenic 
bcryilium 
bcnm(a)pyrcnc 
cadmium 
1.2-dichloroctha 
magnesium 
mangnerc 
mercury 
SilWX 

2.3.1.8-lcdd 
hichlaoctbcnc 
urn nium -total S.20E-03 

..,. .. 

f . : ”. -.. . ’  
-.... . .  



Table H.N-16 (amfaued) 
Summary of Risk Quaatitatha (denials) 

Tarmt Receptor: Off -Property Farm Rssidemt (Admlt) - 
V i  

I HQCalculation 
I I CDI I RfD I HQ 

Drinkin8 W a &  hpstion 
I ILCR Calculation 
I CDI I ILCR 

Compound I (mdkg-day) I [mdkg-day) I (uridess' 
anlimony 4.00E-04 NA 
amc~or 1254 
amclor- 1260 
arsenic 
bewium 
benm(a)pyrene 
cadmium 
1,2-dcHoloetbane 
magnesium 
manganese 
mercury 
silver 
2,3,7,0-tedd 
tricblometkne 
uranium-total 2E-04 

NA 
NA 
3.00E-04 
5.00E-03 

1 .OOE- 03 

9.70E+00 
5.00E-03 
3.00E-04 
5.00E-03 

6.00E - 03 
3.00E - 03 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.758-01 

I 

I H Q  Summation = 4.75E-02 

amc~or -1254 
amclor-1260 
arsenic 
beflium 
bew(a)pyrene 
cadmium 
1,2-dcHometbane 
magnesium 
mangdnese 
mercury 
silver 
2.3.7.8-t~dd 
trichlomethene 
uranium-total 2E-04 

7.70E+00 
7.70E+00 
1.75E+00 
4.30E+00 
7.30E+00 

9.10E-02 
NA 

NA 
NA 
NA 
NA 
l.SOE+OS 
1.10E -02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 

I ILCR Summation = 



Risk Equation 

IR 
EF 
EDn 
FI 
cw 

Table KIV-17 
Summary of Risk Quantitation (radionuclides) 

Target Receptor: Off-Property Farm Resident (Adult) 
Via Ingestion of Driaking Water 

- - CW X EF X EDn X Fl X IR 

Ingestion rate of groundwater (RAGS, 1989) 
Exposure frcquency 
Exposure duration 
Fractional Intake for radionuclides 
Concentration of radionuclides in groundwater 

RaZrn+Bd P a  
h222 P a  

lhuo P a  
h + l O l i  P a  

P a  
P a  

%+ld 5.48-06 p a  
Tc99 4.2E-01 pCU 

U p s m  8.38-02 p a  
urn+, 1.9E+00 pCin 

2 Vday 

70 Year 
350 daysbar 

1 (Unitless) 
(see table below) 

tadionuclides (unit less) 

NA 
NA 

2.6E-01 
2.OE+04 

NA 
NA 

4.1E+U3 
9.2E+04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.8E- 10 
1.4E- 12 
3.6E- 11 
1.3E- 12 
1.3E- 11 
1 . z -  10 
1.6E- 11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

9SE- 12 
2.7E-OB 

NA 
NA 

6.5E-OB 
1.8E-06 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.9E-06 - I ILCR Summation - 



D A  
EF 
ED0 
E D C  
BW 
ATc 
ATn 
SA 

Dcrlnal abrobcd  dose 

Exposure duration for non-carcinogens 
Exposure dura tion for B rcinogem 
Body weight 
Avenge time for carcinogens (liktimc) 
Aveng~ time for urn-carcinogens (EDn x365) 
S k i n r u r h c c a r e  awihblc  forcontact 

expornre frcqucnfy 

Table H.W - 18 
Summary of Risk Quantitrtion (chcmicak) 

Tu@ Rceepor: Off-Property Farm Resided (Aduk) 
Via Damal  Contad while Bathing 

DAXEFXEDXSA 
B W X A T  

Compound D A  Units 

antimony 
a r d o r -  US4 
a r d o r -  E 6 0  
arsenic 
beryllium 
benm(a)pyrene 
a d m i u m  
1.2-dichloroetln 
magnesium 
manganese ’ 

mercury 
ril\lcr 
2,3,7,8-tdd 
trichlooethene 
uxanium- t d a l  

ne 

N A  
N A  
N A  
N A  
N A  
N A  
N A  
N A  
N A  
N A  
N A  
N A  
N A  
N A  

N A  
1.30E- 

csv mg/cm’-&y 
350 daydycar 
70 Year 
70 Y a r  
70 kg 

25550 days 
25550 days 
23000 cm2 

Compound D A  Units 

NA mglcm2-Ly 
NA mglcm2-day 
NA mglcm2-Ly 
NA mglcm2-Ly 
NA mglcm2-day 
NA mglcm’-Ly 
NA mglcm2-Ly 
NA rnglcm2-day 
NA mg/cm’-day 
NA mg/cm2-Ly 
NA mgcm2-Ly 
NA mglcm2-Ly 
NA mg/cm’-&y 
NA mglcm2-hy 
NA mg/cm2-day 



I " 

:ompound 
infimony 

I 

HQ Calculation 
CDI RfD HQ 

(mdk-day) [m&-day) (undess' 
NA 6.00E-05 NA 

CDI 
Compound [mrJkg-day) 

CSP ILCR 
[mn/kg-day)-' [umdess' 

imc~or-1254 
imclor-1260 
IrSeniC 
leflium 
ienm(a)wene 
:admiurn 
;,2-dcHomethane 
nagneaum 
nanpnese 
nenury . 
aver . 
!.3,7,8 - tedd 
ricblometkne 
iranium- tot4 E-06 

I 
I HQ Somoution = 2.73E-02 

NA 
NA 
2.85E-04 
5.00E-03 

5.00E-OS 

4.858-01 
4.20E - 03 
4.508-05 

NA 

NA 

NA 
NA 
5.88E-03 
1 .SOE -04 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.738-01 

amclor- 1254 
amclor-1260 
arsenic 
beflium 
benm(a)pyrene 
cadmium 
1.2-dcHoro ethane 
magneaum 
manganese 
mercury 
silver 

tricHometkne 
2.3.7.8- tcdd 

I uranium-tot4 E-06 

NA 
1.03E+01 
1.03E+01 
1.84E+00 
4.30E+00 
NA 
NA 

NA 
NA 
NA 
NA 

1.01E-01 

3.00E+OS 
l.12E-02 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I I I E R  Sommation = 



IR 
FI 
EF 
EDn 
EDC 
Bw 
ATc 
ATn 
cs 

Table H N - 1 9  
Summary o f  R h t  Quatititaim (chemicak) 

Tu@ Receptor: Off-Property Farm R a i d e d  (Adult) 
Via Ingestiw of Mcrt Producc~ 

Ingestion nte of meat 
Fraction ingested from conamhated IOUIFC 

Exposure frequency 
Exposure dun tion for non-carcinognr 
Erposure duration for carcinogens 
Bcdy weight 
Avetaglc time for carcinogens (littime) 
Avctaglc time for nm-carcinogens (EDn x365) 
Conccnha tion of chemicals in meat 

- 
BW X AT 

Compound Coaccnba tion Units 

antimony 
a rodor- 1254 
a r d o r -  1260 
arsenic 
beryllium 
bcnm(a)pymnc 
cadmium 
1.2-dirhloroctl~ 
magnesium 
mangncrc 
mercury 
SrlKr 
2.3.7.8-tcdd 
trichlaocthcnc 
uranium-total 

6.78-07 

2.8E-11 
1.4E-12 
6.8E-07 
2.6E- 11 

6.6E-02 

1.0E-09 
7.8E-07 

0.1 kghhy 
0.75 (Unitless) 
350 daydyear 
70 Year 
70 Year 
70 kg 

2 5 5 9  dap 
25550 dayl 



Table H.W-19 (amtimmed) 
Suauuaty of Risk Quantitrtion (ehemials) 

Target Receptor: Off-Property Farm Residsmt (Malt) 
Vt Ingestion of Meat Pmdmcts 

Compound 
antimny 

I HQ Calculation 
I CDI I RID I HQ 

ILCR Calculation 
CDI CSF ILCR 

Imdkg-day) (mdlq(-day)-' [uritless' 
NA NA NA 

bmpound I (mdkg-day) I (mdkg-day) I (unitless; 
lntilmny tNA 4.OE-04 NA 
lmclor-1254 
imclor-1260 
menic 
1er)uium 
1enm(a)weae 
:admiurn 
l.2-dcHomethane 
nagaesum 
nanganese 
nercury 
dver 
!.3,7.8-lcdd 
richlometkne 
iranium - to tal 

6.9E- 10 
A 
2.88-14 
1.SE-15 
7.OE-10 
2.68-14 
A 
6.8E-05 
A 
A 
A 
A 
1.OE-12 
8.OE-10 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A .  
A 
A 
A 
A 

NA 
NA 

3.OE-04 
5.OE-03 

NA 

NA 
1.OE - 03 

9.7E+ 00 
1.4E-01 
3.OE-04 
5.OE-03 

6.OE - 03 
3.OE-03 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 

NA . 

NA 
NA 

9.SE-11 
2.98-13 

NA 

NA 

NA 
NA 
NA 
NA 

2.6E-11 

7.OE-06 

1.7E-1C 
2.78-07 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 

NA . 

I 
I HQ Sumnution = 7.38-06 

aroc~or-1254 
a mclor - 1260 
arsenic 
b e d i u m  
benm(a)pyrene 
cadmium 
1.2-dcblomethaoe 
magnesium 
manganese 
mercury 
silver 

trichlometkoe 
uranium - to tal 

2.3.7.8 - tcdd 

9E-10 

8E-14 
5E-15 
OE-10 
6E-14 

8E-OS 

OE-12 
OE-10 

7.7E+00 
7.7E+00 

' 1.8E+00 
4.3E+00 
7.3E+00 

9.1 E -02 
NA 

NA 
NA 
NA 
NA 

l.SE+OS 
l.lE-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

S.3E-OS 

5.OE-14 
6.2E- 15 
S.1E-OS 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

l.lE-14 

I I I ILCR Summation = 1.OE-08 
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tisk Equation 

IR 
FI 
EF 
EDn 
Cf 

Table I-LIV-20 
Summary of Risk Quantitation (radionuclides) 

Target Receptor: Off-Property Farm Resident (Adult) 
Via Ingestion of Meat Products 

CfX EFX ELh X FI X IR 

Ingestion rate of meat 
Fraction ingested fromcontaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in mat  

3.8E-09 

5.6E-04 

8.6E-07 
9.5E- 13 
4.9E-06 
2.6E-04 

NA 

l.OE+UI 

0.1 kg/day 
0.75 (Unities) 
350 dayslyear 
70 Year 

CDI CSF ILCR 
dionuclides (pci) (pCi)-' (unit less) 

6.98-06 
NA 

l.OE+CYJ 
1.9E+03 
1.6E-a3 
1.7E-09 
9.OE-a3 
4.8E-01 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.8E- 10 
1.4E- 12 
3.6E-11 
1.3E-12 
1.3E-11 
1.7E- 10 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.4E- 15 

3.7E- 11 
2.4E-09 
2.1E- 14 
3.OE- 19 
1.4E- l3 
9.7E- 12 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.58-09 - I ILCR Summation - 



IR 
FI 
EF 
EDn 
EDc 
BW 
.ATc 
ATn 
cs 

Table IIJV-21 
Summary of Risk Quaotitation (chemic&) 

Tars? Receptor: Off-Ropexty Farm R a i d e d  (Aduk) 
Via ingestion of Dairy Products 

Ingestion rate of dairy produce 
Fraction ingested from contamimted KOUICC 
Exposure frcqucney 
Exposure duntion for noo-carcinogns 
Exposure duntion forcarcinogens 
Body weight 
Avcmp lime for carcinogens (lilcfimc) 
Avcmp time for om-carcinogens (EDn x365) 
Co~ccntB tion of chemicals inanimal producb 

- 
B W X A T  

Compoud Comxntntion Units 

antimony 
a rodor - L? 54 
ardor-1260 
arsenic 
beryllium 
beniu(a)pyrcnc 
cadmium 

magnesium 
mangncsc 
mercury 
silver 
2.3.7.0 - tcdd 
trichlaoethcnc 
uranium-total 

1.2 -diddor=ttP oc 

2.1E-04 

8.3E-10 
1.3E-12 
2.ZE-04 
4.7E-00 

5.3EUI1 

3 . 2 8 4 7  
2.4E-03 

0.4 V&y 
0.75 (Uniderr) 
3 9  damcar 
70 Year 
70 Year 
70 kg 

25550 days 
25550 days 



Table KIV-21 (comtinmed) 
Summary of Risk Quantihtiom (dmnia l s )  

Target Receptor: Off-Property Pam Residemt (Adult) 
Via Ingestiom of Dairy Prodmcts 

Compound 
an6nuny 
amclor- 1254 

HQ Calculation 
CDI RfD HQ 

[mdkg-day) (mdkg-day) [witless 
NA 4.OE-04 NA 

8.7E - 07 
amclor - 1260 
arsenic 
bediurn 
benao(a)pyrene 
cadmium 
1.2-dctiomethne 
magnesium 
mangnese 
menury 
silver 
2.3.7.8- tcdd 
trichlometkne 

3.4E-12 
5.2E-15 
8.88-07 
1.9E-10 

2.2E-01 

1.3E-09 
I uranium-total 

NA 
NA 

3.OE-04 
5.OE-03 

1.OE-03 

9.7E+00 
1.4E-01 
3.OE-04 
5.OE-03 

6.OE - 03 
3.OE - 03 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

1.1E -0, 
1.OE-1' 

1.9E-0 

2.3E-0. 

NA 

NA 

NA 
NA 
NA 
NA 

2.2E-0' 
3.2E-0: 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I ILCR Calculation 
I I CDI I ILCR 

amclor- 1254 
amclor- 1260 
arsenic 
beflium 
benao(a)pyrene 
cadmium 
1,2-dctiomethne 
magnesium 
mangnese 
menury 
silver 
2.3.7.8-tcdd 

8.7E-07 

3.4E-12 
5.2E-15 
8.88-07 
1.9E-10 

2.2E-01 

1.3E-09 
9.78-06 

tricblomerkne I uranium-total 

I 
I ILCR Sonmation = 1.3E-05 

7.7E+00 
7.7E+00 
1.8E+00 
4.3E+00 
7.3E+00 

9.1E-02 
NA 

NA 
NA 
NA 
NA 

1.5E+05 
l.lE-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.7E-0( 

6.OE-1; 
2.2E-14 
6.5E-0( 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.4E-11 
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tisk J2quation 

IR 
R 
EF 
EDn 
Cp 

Table KIV-22 
Summary of Risk Quantitation (radionuclides) 

Target Receptor: Off-Property Farm Resident (Adult) 
Via Ingestion of Dairy Prodnets 

- - Cp X EFX EDn X FIX IR 

Ingestion rateof dairy produc& 
Fmction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in animal products 

R%+Sd 6 .88-0  
w.2.2 NA 

1.2E+03 
SrSO+,lI 2.8E+a) 
T% 
Thu, 
.%32+1Od 

7.28-04 
7.9E- 10 

upsm 1.5E-02 
u?38+2d 8.OE-01 

0.4 Uday 
0.75 (Unitless) 
350 dayslyear 
70 Year 

:adionuclidcs (unit less) 

5.OE-02 
NA 

2.1E+04 
8.78+06 
5.3E+a) 
5.8E-0 
l.lE+02 
5.9E+03 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.8E- 10 
1.4E- 12 
3.6E-11 
1.3E- 12 
1.3E-11 
1.7E-10 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.9E- 11 

7.5E-07 
l.lE-05 
6.9E- 11 
9.8E- 16 
1.8E-09 
1.2E-07 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I ILCR Summation - - 1.2E-05 1 



IR 
FI 
EP 
EDn 
EDc 
Bw 
ATc 
ATn 
cs 

Table HJV-23 
Summary of Rkk Quantitrtioa (chemic&) 

Target Recepor: Off-Ropcrty Farm Reid- (Adult) 
Via Ingestion of Vegdablcs and Iiuka 

Ingestion ra te of fruits or vegeta bles 
Fraction ingested from contimimted soul~c 
Exposure frequcng 
Exposure duration for non-carcinognr 
Exposure duration for ~ r c h g c n s  
Body weight 
Averagc time for carcinogens (liktime) 
Avcragc time for om-arcinogens (EDn x365) 
Conmibation of chemicals in vegetables 

- 
BWXAT 

Compoud Colvcntration Units 

antimony 
a r d o r -  1254 
a r d o r  - 1260 
arsenic 
beryllium 
bcnm(a)pycnc 
cadmium 
1.2 - dichloroetlm 
magnesium 
manganese 
mcrculy 
SilWX 
2.3.7.8 - tcdd 
trichlaroethcnc 
uranium-total 

I ne 

0.122 kg/day 
0.5 (Unitlcsa) 

70 Year 
70 Year 
70 kg 

255sO days 
25550 days 

350 daydyear 

I 



Table EIV-23 (amtinmed) 

h m p u n d  
IltillPny 

Snmmary of Risk Q a a m ~ l a t h m  (cheniab) 
Targst Receptor: Off -PropertyFarm Residemt (Admlt) 

V u  Ingestion of Veptabbr amd Fruits 

HQ Calculation 
CDI RfD HQ 

(mdkg-day) (mdkg-day) (uritiess) 
NA 4.OE-04 NA 

mclor- 1254 I 2.3E-07 
mclor- 1260 
rsenic 
erJlium 
e m ( a ) w e n e  
admium 
.2-dcHometbane 
nagneaum 
nanganese 
mercury 
aver 
,3,7,8- tcdd 
richlomethene 
mnium-total 

NA 
NA 

3.OE-04 
5.OE-03 

1.OE -03 

9.7E+00 
1.4E-01 
3.OE-04 
S.OE-03 

6.OE - 03 
3.OE-03 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

7.1E-07 
4.2E-09 

NA 

NA 

NA 
NA 
NA 
NA 

7.88-07 

2.38-02 

4.4E-04 
1.6E -02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I HQ Summation = 3.98-02 

I ILCR Calculation 
I CDI I CSP I ILCR 

h n p u n d  
intinmnv INA NA NA 

I (m&-day)I (mdkg-day)-' I (udtless) 

imcior -12~4 
imclor - 1260 
IrSeniC 
ieqlliurn 
iem(a)pyrene 
rdmium 
l.2-dcUometbane 
n a g k u m  
na aga nese 
nerury 
aver 
!.3.7.8- tcdd 
richlometkne 
rranium - total 

3E-07 

1E-10 
1E-11 
9E-07 
BE-10 

ZE-01 

7E-06 
9E-05 

7.7E+00 
7.7E+00 
1.8E+00 
4.3E+00 
7.3E+00 

9.1E-02 
NA 

NA 
NA 
NA 
NA 

l.SE+OS 
l.lE-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

ME-06 

3.7E-10 
9.OE-11 
1.4E-06 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.98-08 

I 
I ILCR Sommation = 3.28-06 
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l i s t  Equation 

IR 
FI 
EF 
EDn 
cv 

Table KlV-24 
Summary of Risk Quantitation (radionuclides) 

Target Receptor: Off- Property Farm Resident (Adult) 
Via Ingestion of Vegetables and Fruits 

CDI CSF ILCR 

CvX EFX EDn X FI X IR - - 

Ingestion rate of fruits or vegetables 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides invegetables 

0.122 kg/day 
0.5 (Unitlen) 
350 daysfyear 
70 Year 

2.7E-04 
NA 

3.7E+01 
2.4E+03 
2.3E-01 
2.2E-06 
5.9E-01 
2.OE+01 

:adionuclides (PCi) (pCi)-’ (unit less) 

4.OE-01 
NA 

5.6E+04 
3.6E+06 
3.4E+02 
33E-03 
8.8E+02 
3.OE+04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.8E- 10 
1.4E- 12 
3.6E-11 
1.3E- 12 
1.3E- 11 
1.7E- 10 
1.6E- 11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.1E- 10 

2.OE-06 
4.6E-06 
4.4E-09 
5.7E- l3 
1.4E-08 
6.1E-07 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.3E-06 - I ILCR Summation - 



c . 
. . .  . ,  

Table H.IV-25 
Summary of Risk Quantitation (radionuclides) 

Target Receptor: Off-Property Farm Resident (Adult) 
Via External Radiation 

lose Equivalency Equat: = (DRXEFXEDnXmiX(l-SH;)] +[DRXEFXEDnXET,X(l-SH,)] 

EF 
ED Exposure duration 
ET., 
nb 
SH; 
SHO 

Fraction of year spent exposured 

Fraction of day spent indoors 
Fractionofdayspentoutdoors 
Shield factor indoors 
Shield factor outdoors 
Radionuclide specific dose concentrations DR 

NA P W  
NA Pcilg 
1.50E-02 p W g  
2.50E-01 p W g  
2.65E-01 p W g  

2.19E-02 p W g  
NA Pcilg 

NA Pci/g 
NA Pcvg 

1.32E+00 p W g  

0.96 (unitless) 

0.76 (unitless) 
0.24 (unitless) 
0.5 (unitless) 

(uni tless) 
(see table below) 

70 Year 

NA P W  
NA PWS 
NA P W 3  

NA P W 3  
NA Pat3 
NA Pcyg 
NA P W  
NA Pcvg 
NA P W g  

NA . p W g  

CDI CSP ILCR 
.adionucEdes (year pCi/g) (p;/pCi -year)-' (unitless) 

NA 
NA 

6.2E-01 
l.OE+Ol 
l.lE+Ol 

9.1E-01 
5.5E+01 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.OE-06 
1.2E-09 

6.OE- U 
5.4E- 11 
8.5E-06 
2.48-07 
5.1E-OB 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

6.2E- 12 
6.OE- 10 

2.28-07 
2.8E-06 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

LILCR Summation - - 3.OE-06 



IR tion rate a p e s  (RAGS, 1989 
EP Exarmrefrurucncw 

Table H.IV-26 
Summary of R s k  Quadtation (chemicals) 

Tar@ Rtxeflor: Off-Ropcrcy Farm R a i d e d  (Child) 
Via Inhalation of Par t i cu la~~  

. .  
@Do F!xposurc duntion for nOff-carchogem 
@De Exporvre duration for arcincgenr 
BW Bodyweight 
ATc Average time forarcinogcnr (likfimc) 
ATn Avcrag~ time fornOff-mrcinqgenr (EDnX365) 
CS ConcentP tion of chemicals in roil 

- 
BWXAT 

Compoud Comxntration Units 

antimony 
a rodor- OS4 
arodor-lZ6O 
arsenic 
bcryilium 
bcnm(a)pyrcnc 
sdmium 
1.2-didorocthane 
magnerhm 
manganese 
mcrcury 
SaKr 
2.3.7.8 - tcdd 
trichlarocthcnc 
uranium-total 

m g d  
1.2E-11 mglm3 

mg/m3 
3.9E- 11 m g d  
6.1E-12 mg1m3 
9.3B-12 mum3 
7.OE-12 mdm3 

mum3 
3.9B-07 mg/m3 

m g d  
m.& 
m g ~ m ~  
mum3 

6.4E-13 m g d  
4.8E-09 mum3 

mg/m3 

u m31day 
350 da*r 

6 Year 
6 Yar 

15 kg 
25550 dap 
2190 days 

(see table below) 

Concentration Units 

mum3 
m g d  
mg/m3 
mum3 
mum3 

mg1m3 
mum3 
mg1m3 
m g d  
mdm3 
mum3 
mgtm’ 
mum3 
mum3 

Compoud 



Table H.N-26 (conthed)  
Smmmary of R i d  Quantit.tioio. (ehemials) 

T u e t  Recaptor: Off-property firm Resident (Child) 
Via Iahabtion of Partinlaas 

amclor- 1260 
arsenic 
b e d i u m  
benm(a)pyrene 
cadmium 
1.2-dcHo1oethne 
magnesium 
manganese 
mercury 
silver 
2.3.7.8-lcdd 
trichlometkne 
uranium - to tal 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.98-03 

1.4E-05 
8.6E-05 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I I I Hazard Quotient Sum = 

I ILCR Calculation 
I CDI I ILCR 

Imclor - 1254 
~mclor - 1260 

ieqllium 
ienm(a)pjrene 
rdmium 
. ,2-dcHo1o etbane 
nagnesi um 
nanganese 
nercury 
aver 

richlometbene 
iranium-totd 

lrSe4liC 

!,3,7.8 -kdd 

8E-13 

6E-12 
OE-13 
1E-13 
6E-13 

6E-08 

2E-14 
1E-10 

NA 
NA 

l.SE+Ol 
8.4E+ 00 
6.1E+00 
6.3E+W 
9.1E -02 

NA 
NA 
NA 
NA 

l.SE+OS 
6.OE - 03 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 

3.9E-11 
3.48-12 
3.78-12 
2.98-12 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.SE-16 

~ILCR Summation = 4.9E-11 



Table H-TV-27 
Summary of Risk Quantitation (radionuclides) 

Target Receptor: Off- Property Farm Resident (Child) 
Via Inhalation of Gases and Particulates 

CaX EFX EDn X IR - lisk Equation - 

IR 
EF Exposure frequency 
E D n  Exposure duration 
ca 

Inhalation rate of gases (RAGS, 1939) 

Concentration of radionuclides in air 

6.2E-08 
8.OE-01 
2.4E-08 
3.38-07 
2.48-07 
1.7E-09 
5.OE-09 
1.6E-06 

12 &/day 
350 daysfyear 

6 Year 
(see table below) 

CDI CSP ILCR 
Radionuclides (PCi) (pCi)-l (unitless) 

1.6E-Ct3 
2.OE+04 
6.1E-04 
8.48-(13 
6.1E-03 
4.4E-05 
1.2E-04 
4.OE-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.1E- 11 7.OE-09 
7.3E- 13 1.5E-08 
6.2E- 11 3.8E- 14 
8.3E- 12 7.OE- 14 
2.9E-08 1.8E- 10 

4.8E- 12 l.lE-07 
3.1E- 12 2.5E-08 

2.48-08 9.6E- 10 
NA NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.6E-08 - I ILCR Summation - 



IRs 
CP 
EP 
ED0 
EDC 
BW 
ATc 
ATn 
cs 

Table 1 I . N  -28 
Summary of Risk Quantitaioa (cbcmicak) 

Target Reecplor: Off-Property Farm R e i d c d  (Child) 
Via Imidedal Ingestion of Soil 

- 
BWXAT 

Ingestion m t c  of roil (RAGS, 1989) 
Conversion factor 
Exposure frequency 
Exposure duration for nOff-cardnogem 
Exposure duration for carcinogens 
Body weight 
Averap~ time for carcinogens (littime) 
Avenp time fornOff-carcinqgcns (EDnx365) 
Conccntgtion of chemicals in soil 

Compoud Couxntntion Units 

antimony 
a r d o r -  1251 
ardor-1260 
arsenic 
beryllium 
benm(a)pylenc 
cadmium 

magnesium 
manganese 
mercury 
S i l K I  

2.3.7.8 -tcdd 
trichlaoetbcnc 
um nium- total 

1 , 2 - d i d 0 r 0 ~ h 0 ~  

200 mglday 
1.0E-06 kglmg 

350 dayJycar 
6 Yar 
6 Year 

25550 dap 

(see tablc below) 

1s kg 

2190 dap 

_. 
i . 

. .  

. .. 



Table H.IV-28 (continued) 
Summary of Risk Quntit i t ion ( e h k i c r l s )  

Target Receptor: Off-Property Farm Resident  (Child) 
V i a  Incidental Ingest ion of Soil 

I HQ Calcula ion 
I CDI 

Zoompound 
mtimony 
uoclor - I254 
lroclor - 1260 
usenic 
xryllium 
temo(a)pyrene 
admium 
12- dichlaroet hane 
nagnsium 
nangantse 
nacury 
ilver 

richluoethene 
aanium-total 

!.3,7.8 - t d d  
.OE-03 4.3E-Of 
OE-03 1.E-02 

I I HQ Summlion = 1.X-02 

I ILCR Calculation 
I CDI I ILCR 

Zoompound 
mtimony 
uoclor - 1254 
U O C ~  - 1260 
usenic 
ieyllium 
xmo(a)mene 
admium 
I2-dichluoet hane 
nagnsium 
nanganse 
nacury 
,ilva 
!.3,7,8-tcdd 
richluoethene 
iranium -t otal 

I 

I ILCR Summation. = 3.X-07 



Table HJV-29 
Summary of Risk Quantitation (radionuclides) 

Target Receptor: Off-Property Farm Resident (Child) 
Via Incidental Ingestion of  Soil 

CSXEFXEDn XFIXIR - Risk Equation - 

1% 
EF Eqosure kequency 
E h  EKposure Duration 
FI Fractional Intake 
cs 

Ingestion rate of soil (RAGS, 1989) 

Concentration of radionuclides in soil 

pCi/mg 
pCi/mg 

25OE-04 pCi/mg 
1.5OE-05 p C i g  

265E-04 pCihng 

219E-05 pCihng 
P C h g  

1.32E-03 pCimg 
pCihng 
pCi/mg 

200 rng/day 
350 daysbear 

6 Year 
1 (unitless) 

pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
P C i g  
P C h g  
pCihng 
pCi/mg 

CDI CSF ILCR 
Ladionuclides (pCi) (pCi1-l (unitless) 

I 
NA 
NA 
630E+00 
1.05E+(n 
l.llE+o2 

9.2OE+00 
5.54E+O2 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.80E- 10 
1.4OE- 12 
3.60E- 11 
1.3oE- 12 
1.3OE- 11 
1.70E- 10 
1.60E-11 
200E- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
227E- 10 
137E- 10 
1.45E-09 

1.47E- 10 
1.11E-08 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA . 

1.3OE-08 - 1 ILCR Summation - 



SA 
AF 
ABS 
C F  
EF 
ED0 
EDC 
Bw 
ATc 
ATn 
cs 

Table 1I.W -30 
Summary of Risk Quaditaim (&hemic&) 

Tugs Recepor: Off-Property Farm R a i d e d  (Child) 
Via Dermal Contact w t h  Soil 

EWXAT 

Surhcearea of exposed skin (50th percentile, hands ody) 
S d  torkinadhercna. Lctor (RAGS, 1989) 
chemicals rpccificabsorbtion factor (see table below) 
Conwnion factor 
exporure frequency 
-1CdUetiOn iO~nOff-C3~dnOgCIlS 
Exposure dura tion for e rcinogens 
Bady weight 
Averagc time forerciwgens (liktime) 

Conccntetion of chemicals in soil 
Avc~agc time fornOff-sar~inogens (EDnx36S) 

Compound ABS Conccntati Units 

antimony 
a rodor- US4 
arodor-D6O 
arsenic 
beryilium 
bcnm(a)pyrcne 
odmium 
1,2-diddoroctbne 
magnesium 
mangnese 
merculy 
rilwr 
2.3,1,0- lcdd 
trichloocthene 
uranium- toe l  

1.00E -02 
6.00E-02 2.208-02 
6.00E-02 
1 .WE -03 
1.00E-02 
3.00E-01 2.00E-02 
1.00E-02 
3.00E-01 
1.00E-02 2.63E+M 
1.00E-02 
S.WE-02 
1.00E-02 
3 .WE -02 
3.00E-01 2.00E-03 
1.00E-02 3.938+00 

NA 

I 2000 cm4da 
1 mglcm 

1E-06 kglmg 
a v  

350 da*r 
6 Year 
6 Yar 

15 kg 
25550 dayr 
2190 dayr 

Conccntrati Units Compound 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 



Table H.N-30 (comtimed) 

Compund 
antimony 

HQ Calculation 
CDI RfD HQ 

[my/kg-day) (mlJkg-day) [udtless 
NA 6.00E-05 

amc~or-1254 
amclor - 1260 
arsenic 
beflium 
beuo(a)pyreoc 
cadmium 
1.2-bchlomettnne 
magnesium 
maopnese 
meFcury 
silver 

trichloroetkne 
2.3.1,8-t~dd 

1.698-07 
NA 
NA 
NA 

NA 
NA 

NA 
NA 
NA 
NA 

7.618 -07 

3.36E-04 

7.678-08 
I uranium-totd 2E-06 

Summary of Risk Quantihtioa (chemicals) 
Target Receptor: Off-Property Fbrm Resident (Child) 

Dermal Coatactwith Soil 
I ILCR Calculation 
I CDI I ILCR 

NA 
NA 
2.85E-04 
5.OOE-03 

5.00E-05 

4.858-01 
4.20E-03 
4.50E-05 

NA 

NA 

NA 
NA 
5.88E-03 
1.5OE-04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

NA 

NA 
6.93E-@ 

NA 
NA 
1.30E - O! 
3.35E-0: 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 

[HQ Soumation = 3.428-03 

imclor- 1254 
imclor- 1260 
LIXeniC 
ieflium 
ieuo(a)menc 
:admiurn 
L.2-dcHomethane 
nagoesum 
nanpnese 
nercury 
h e r  
!.3,1.8 -kdd 
richloroetkne 
iranium-total 

1.03E+01 
1.03E+01 
1.84E+00 
4.30E+00 

NA 
NA 

NA 
NA 
NA 
NA 

1.01E-01 

3.00E+05 
1.12E-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.498-07 

NA 
NA 

NA 
NA 
NA 
NA 

7.388-11 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I ILCR Sommtion = 1.498-07 

. .  

. .I 

. -  
1. : 



S.20E-03 

1 vday 
350 days+ar 
6 Year 
6 Year 

15 kg 
25550 Lya 

2190 days 

Tar@ Receptor: Off-Property Farm Resid- (Child) 
Via Drinking W a t a  Ingestion - 

BWXAT 

IR 
EP Exposure frequency 

EDc Exposure duration forcarcinogens 
BW Bodyweight 
ATc Avcragc time forercimgcns (littime) 
ATn 
CS 

Ingestion rate of groundwater (RAGS, 1989) 

ED0 Expo~~re duration for nOU-~~rMogcm 

A V C Q ~  time for nOU-carcinogens (EDnx365) 
Concentra tion of chemicals io groundwtcr 

Compoud Concentration Units 

m u  
mpn 

a r d o r -  I260 mpn 
mpn 
mpn 

bcnm(a)pyrcnc mpn 
sdmium mpn 

mpn 
mpn 
mpn 
mpn 

2.3.7.8 - tcdd mpn 
trichlorocthcnc men 
uranium-total mpn 

mpn 

Colventra tion Unita Compoud 



Summary of Risk Quanti’trtion (demials)  
Target Receptor: Off-property firm Resident (Child) - 

V 

ieflium 
iem(a)Wene 
admium 
..2-dcHoroethne 
n a p s  um 
nanpnese 
nercury 
aver 
!,3.7,8-kdd 
ricliometkne 
iranium-total 

Drinkin8 water h 

uranium - to tal 



6349 - 

tisk Equation 

IR 
EF 
EDn 
FI 
cw 

Table KIV-32 
Summary of Risk Quantitation (radionuclides) 

Target Receptor: Off-Property Farm Resident (Child) 
Via Ingestion of Drinking Water 

= Cw X EFX EDn X FI X IR 

Ingestion rate of groundwater (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Fractional Intake for radionuclides 
Concentration of radionuclides in groundwater 

P a  
P a  

P a  
P a  

P a  
P a  

5.4E-06 pt.3 
4.2E-01 p a  

8.3E-02 pW 
1.9E+00 p a  

1 vday 
350 daysbear 

6 Year 
1 (Unitlen) 

(see table h.- 

CDI csq ILCR 
tadionuclides ( p a )  ( p a ) -  (unit less) 

NA 
NA 

l.lE-02 
8.8E+02 

NA 
NA 

1.7E+02 
3.9E+U3 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.8E- 10 
1.4E- 12 
3.6E- 11 
1.3E- 12 
1.3E- 11 
1.7E- 10 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

4.1E-13 
l.lE-09 

NA 
NA 

2.88-09 
7.9E-OS 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

8.2E-OB - I ILCR Summation - 



DA 
EP 
@ D O  
EDc 
Bw 
ATc 
ATn 
SA 

Table HJV-33 
Summary of Risk Q u a d i t d i m  (chemicds) 

Tu* Receptor: Off-Properly Fum Resided (Child) 
Via Dermal Contad while Bathing 

.DAXEFXEDXSA 
BWXAT 

Dermal absabcd  dose 
Exposure frcqucnq 
Exporure duntion for nOff-arcinogcm 
Exporure duntion for carcinogens 
Bodyweight 
Avcnp time forcdrchgcns (liktimc) 
Avenp time IornOff-carcinogenr (EDox365) 
Skincurticearea nai lable forconhct 

cov mglcm2-Ly 
340 daydyear 

6 Year. 
6 Year 

IS kg 
255Xl dap 

2190 dap 
23000 cm2 

Compoud DA Units 

antimony 
a r d o r -  1254 
a rdor- U60 
arsenic 
bcflium 
bcnm(a)pyrcnc 
admium 
1 .2-d idoroc thnc  
magncshrm 
mangnere 
mercury 
m\er 
2.3.7.8-ccdd 
trichloocthene 
unnium-total 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.30E- 

DA Units Compoud 

NA mglcm’-Ly 
NA mglcm2-Ly 

NA mglcm2-Ly 

NA mglcm2-Ly 
NA mglcm2-day 
NA mglcrn2-Ly 

NA mglcmZ-Ly 
NA mglcrnz-Ly 
NA mglcm2-L y 

NA m g l ~ ~ ~ ~ - L y  

NA mglcm’-hy 
NA mglcm2-Ly 

NA mglcm2-Ly 
NA mglcm2-dsy 

NA mglcm2-Ly 

. ,  

”I ..  

r -  
.... 



Table H-N-33 (W.h80d) 
Summary of R i a  Quimtitrtioa (chemicals) 

Tarmt Rempbr: Off-Promrtvhrm Resident (Child) 

HQ Calculation 
I CDI I RfD I HQ 

krnmund 
intiuuny 6.00E-05 NA 

I [rnrJkg-day) I [rndkg-day) I [uuitless 

imc~or- 1254 
imclor-1260 
IrseniC 
IeqUium 
Ierrp(a)wene 
admiurn 
..l-dcHomethane 
nagnesiurn 
nanganese 
nelcury 
aver 
!.3,7,8 - h i d  
richlometkne 
iranium-total 

NA 
NA 
2.85E-04 
5.00E-03 

5.OOE-05 

4.85E-01 
4.20E-03 
4.50E-05 

NA 

NA 

NA 
NA 
5.88E-03 
1.50E-04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.27E-01 

[ HQ Summation = 1.27E-01 

tmclor-1254 
tmclor-1260 
IrSeniC 
ieqUiurn 
i e n ( a ) w e n e  
admium 
1.2-dcliomethane 
nagnesiurn 
nanganese 
nelcury 
dver 

r ichlomethe  
Iraoiurn-total 

!,3,7.8-t~dd 

1.03E+01 
1.03E+01 
1.84E+00 
4.30E+00 

NA 
NA 

NA 
NA 
NA 
NA 

1.01E-01 

3.00E+O5 
1.12E-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1 

I ILCR Summation = 



1R 
FI 
EF  
ED0 
EDC 
BW 
ATc 
ATn 
CS 

Table IIJV -34 
Summary of Risk Quantitation (chemic&) 

Tu@ Rcccplor: Off-Ropaty Fum Resid- (Child) 
Via Ingestion of M u t  Rod- 

- 
BWXAT 

Ingestion rate of meat 
Fiaction ingested from Eontamicated SOUKC 

exposure frequeocy 
Exposure dun tion for nOff-arrinogcm 
Exposure duration for orcinogens 
Body weight 

A v c n g  time for n0ff-orcinogem (EDn x365) 
Coaccntiation of chemicals in meat 

AVeng t h e  for orChOgCnS ( l ik lhe)  

Compoud Co~ccnhation Units 

antimony 
a rodor- 1254 
a rodor - 1260 
arsenic 
beryllium 

odmium 
1.2-diddoroctlm 
magnerium 
mangnerc 
mercury 
Si lWX 

trichlaocthene 
ura nium - tdal 

bcnm(a)pyrcne 

2.3.7.e - lcdd 

I ne 

6 . 7 8 4 7  

2 . a ~ - i i  

6.ae-07 
1.4E-12 

2.6E- 11 

6.6E-02 

1.0E-09 
7.8E-07 

0.039 kg/day 
0.75 (Unitless) 
390 daydycar 

6 Year 
6 Year 

15 kg 
25590 dap 
2190 dap 



Table H-IV-34 (continued) 
Sommary of Risk Quamtitrtion (chemicals) 

Taqet  Receptor: Off-property firm Resident (Ckild) 
Via Ingestiom of Meat Pmdmcts 

I HQ Calculation r I CDI 

I antitmny 4.OE-04 
amclor - 1254 
amclor- 1260 
arsenic 
b e g i u m  
benao(a)pyrene 
cadmium 
1.2-dclioroethne 
magneaum 
manganese 
mercury 
silver 

trichloroetkne 
uranium-total 

2.3.7.8-tcdd 

I 
I HQ Sumnution = 1.3E-05 

NA 
NA 

3.OE-04 
5.OE-03 

NA 

NA 
1 .OE -03 

9.7E+00 
1.4E-01 
3.OE-04 
5.OE-03 

6.OE - 03 
3.OE-03 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 

1.7E-10 
5.3E-13 

4.8E-11 

1.3E-05 

NA 

NA 

NA 
NA 
NA 
NA 

3.1E-10 
4.98-07 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I ILCR Calculation 
I I CDI I CSP 

NA NA 

amclor-1260 
arsenic 
beqllium 
berm(a)pyrene 
udmium 
1.2-dclioroethne 
magnesium 
manganese 
mercury 
silver 
2.3.7.8-tcdd 
trichloroetkne 
uranium -total 

7.7E+00 
7.7E+00 
1.8E+W 
4.3E+00 
7.3E+00 

9.1E-02 
NA 

NA 
NA 
NA 
NA 

l.SE+OS 
1.1E-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

8.3E-1( 

7.8E-1! 
9.7E-1t 
7.9E-1( 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.8E-15 

L I I ILCR Sumoution = 1.6E-09 

, 



. .. . " .I 

Table I€N-35 
Summary of Risk Quantitation (radionuclides) 

Target Receptor: Off-Property Farm Resident (Child) 
Via Ingestion of Meat Products 

Risk Equation 

IR 
FI 
EF 
EDn 
Cf 

CfX EFX EDn X FI X IR - - 

Ingestion rate of meat 
Fraction ingested fromcontaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in meat 

3.88-09 
NA 

5.6E-04 
l.OE+OO 
8.6E-07 
9.5E- l3 
4.98-06 
2.6E-04 

0.039 kg/day 
0.75 (Unitless) 
350 dayslyear 

6 Year 

CDI CSF ILCR 
Radionuclides ( p a )  (pCi)-' (unit less) 

R%+,d 2.38-07 7.8E- 10 l.8E- 16 
h22l NA 1.4E- 12 NA 
srSO+ld 3.5E-02 3.6E- 11 1.2E- 12 
Tc, 6.2E+01 1.3E- 12 8.1E-11 

5.3E-05 13E- 11 6.9E- 16 
5.8E- 11 1.7E- 10 9.98-21 

~psm 3.OE-04 1.6E-11 4.8E- 15 
ups+2d 1.6E-02 2.OE- 11 3.2E- 13 

% 
%+lOd 

NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 

8.2E- 11 - I ILCR Summation - 



Table H.IV -36 
Summary of  Rbk Quantitatian (d~cmicds) 

Targel Receptor: Off-Roperty Farm Resident (Child) 
Via Ingestion of Dairy Products 

CSXEFXEDXFIXlR 
BWXAT 

IR 
FI 
EF 
EDn 
E D C  
Bw 
ATe 
ATn 
CS 

Ingestion rate of dairy products 
Fraction ingested barn contaminated soulcc 
Exposure frequcng 
Exposure duration for nOff-cardnogem 
Exporure duntion for carcinogens 
Body weight 
Aveng time forercimgens (liktimc) 
Avenge time for nOff -carcinogens (EDn x365) 
Conccntmtion of chemicals inanimal productr 

0.9 Vcby 
0.75 (Unitlcrr) 
350 d a m e a r  

6 Year 
6 Year 

15 kg 
25550 days 
2190 days 

Compound Conccnttation Units Compound Conccntmtion Units 

antimony 
a r d o r -  US4 
ardor-1260 
ancnic 
beryllium 
benzo(a)pytene 
cadmium 
1,2-did1Ioroctl~ 
magnesium 
manganese 
mercury 
S i l U X  

trichlaocthcne 
urn nium - total 

2.3.7,a-lcdd 

2.1E-04 

8.3E-10 
1.3E-12 
2.2E-04 
4.712-08 

5.3P.M 1 

3.213-07 
2 . 4 8 4 3  

ne 



Table EN-36 (maCmed) 
Sommary of Risk QuamCtrtioa (demials)  

Tagst Receptor: Off-Propertyhm Resideat (Child) 
Vu Iogestiom of Dairy Prod8cIs 

Compound 
antunny 

HQ Calculation 
CDI RID HQ 

(rndkg-day) (mp/kg-day) (uudess) 
N A  4.OE-04 NA 

amclor - 1260 
arsenic 
beqllium 
benzo(a)pyrene 
cadmium 
l,l-dcHometbane 
magnesium 
manganese 
mercury 
silver 
2,3,7,8-1edd 
trichlometkne 

I uranium-total OE-04 

NA 
3.6E-11 
SSE-14 
9.38-06 
2.OE-09 

2.3E+00 
NA 

NA 
NA 
NA 
NA 

1.4E-08 

NA 
NA 

3.OE-04 
5.OE-03 

1.OE -03 

9.7E+00 
1.4E-01 
3.OE-04 
5.OE-03 

6.OE-03 
3.OE-03 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

1.2E-07 
1.lE-11 

2.OE-06 

2.4E-01 

NA 

NA 

NA 
NA 
NA 
NA 

2.3E-06 
3.4E-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I I HQ Sommation = 2.7E-01 

I ILCR Calculation 
I CDI 

NA NA 
imclor - 1254 I 7.88-07 
imclor - 1260 
inenic 
ierJUiurn 
ienzo(a)pjrene 
idmiurn 
L.2-dcHomethne 
nagnesum 
nanganese 
nercury 
aver 
!,3.7.8-lcdd 
richlometkne 
iranium-total 

1E-12 
7E-15 
OE-07 
7E-10 

OE-01 

2E-09 
8E-06 

7.7E+00 
7.7E+00 
1.8E+00 
4.3E+00 
7.3E+ 00 

9.1E-02 
NA 

NA 
NA 
NA 
NA 

1.5E+OS 
1.1E-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.OE-06 

5.4E-12 2.OE-14 

5.88-06 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.3E-11 

IILCR Summation = 1.2E-05 



Lisk Equation 

IR 
Fl 
EF 
EDn 
CP 

Table E N - 3 7  
Summary of Risk Quantitation (radionuclides) 

Target Receptor: Off-Property Farm, Resident (Child) 
Via Ingestion of Daixy Products 

C$ X EFX EDn X FIX IR - - 

Ingestion rate of dairy products 
Fraction ingested fromcontaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in animal products 

6.8E-06 
NA 

2.8E+00 
1.2E+a3 
7.2E-04 
7.9E- 10 
1.5E-02 
8.OE-01 

0.9 Vday 
0.75 (Unitless) 
350 daysfyear 

6 Year 

CDI CSF ILCR 
Radionuclides ( p a )  (pCi)-' (unitless) 

9.6E-03 
NA 

4.OE+03 
1.7E+06 
l.OE+OO 

2.1E+01 
l.lE+U3 

1.lE-06 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.8E- 10 
1.4E- 12 
3.6E-11 
1.3E- 12 
1.3E-11 
1.7E- 10 
1.6E- 11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.5E- 12 

1.4E-07 
2.28-06 
1.3E- 11 
1.9E- 16 
3.4E- 10 
2.3E-OS 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 
2.48-06 - I ILCR Summation - 



, 

IR 
PI 
EF 
EDn 
EDC 
BW 
ATc 
ATn 
cs 

Table H.IV-38 
Summary of Risk Quaditation (chemic&) 

Target Recepor: Off-Ropcrty Farm R e i d c d  (Child) 
Via Ingestion of Vegctablai and ltiuits 

- 
BWXAT 

Ingestion stc of fruits or vcgeta blcr 
Fection ingcsted €ran contaminated roum 
Exposurc frcqucnq 
Exposurc duration for nOU-caranogcm 
Exposurc duration for carcinogens 
Body weight 
Avctap time for carchgcnr (lifetimime) 
Avcmp time for nOU-arcinogcnr (EDnx365) 
Coxattation of chcmicals in vcgctahlcs 

Compound Conenbation Units 

antimony 
a r d o r -  US4 
a rodor- U6O 
ancnic 
beryllium 
benm(a)pyrcnc 
cadmium 
1.2-dichlorocthanc 
magnesium 
mangncrc 
mercury 
r i l u r  

trichlaocthcnc 
uranium- total 

2.3,i.a-lcdd 

2 . 8 ~ 4 4  

2.6E-07 
233-08 
2.3E-04 
9.3E-01 

2.68+02 

3.28-03 
5.9E-02 

0.106 kglday 
0.5 (Unitlcs) 
350 dayJyur 
6 Year 
6 Year 

I5 kg 
25540 days 
2190 days 



Table H.IV-38 (mntinued) 
Summary of Risk Qp8ntilafiOn ( d e m i a b )  

Target Reatpbr: Off -Property f i r m  Resident (Child) 
Via Ingestion of Veptabhs and €hits 

3 m p u n d  h m p u n d  

imclor- 1254 
imclor - 1260 
IrSeniC 
beqllium 
benm(a)meoe 
admium 
..2-dcHomethne 
nagneaum 
nanganese 
nertury 
aver 
!,3,7,8-tCdd 
ncllometkne 
iranium-total 

lntimny 

ILCR Calculation 
CDI CSF ILCR 

[mdkg-day) [mdkg-day)-' [unities! 
i A  

i A  
9.5E-07 

8.7E-10 
8.5E-11 
7.88-07 
3.2E-09 

JA 

JA 
JA 
JA 
JA 

8.9E-01 

1.1E -05 
2.OE-04 

JA 
SA 
?A 
JA 
?A 
?A 
JA 
JA 
iA 
iA 
iA 
iA 
iA 
iA 
iA 
iA 

CDI RID HQ 

NA 
NA 

3.OE-04 
5.OE-03 

1 .OE - 03 
NA 

NA 
9.7E+00 
1.4E-01 
3.OE-04 
5.OE - 03 

6.OE-03 
3.OE-03 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

2.9E-Ot 
1.7E-01 

NA 

NA 

NA 
NA 
NA 
NA 

3.2E-Of 

9.2E-02 

1.8E - 03 
6.6E-01 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

HQ Summation = 1.6E-01 

intimny NA 
imclor- 1254 
imclor-1260 
irsenic 
Deqllium 
)enm(a)wene 
rdmium 
1.2-dcliomethne 
nagneaum 
nanganese 
nertury 
Bver 
!.3,7.8-tcdd 
ricllomethene 
rranium - to tal 

7.7E+00 
7.7E+00 
1.8E+00 
4.3E+00 
7.3E+00 

9.lE-02 
NA 

NA 
NA 
NA 
NA 

l.SE+OS 
l.lE-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
6 . 2 ~ - a  

1.3E-1 
3.1E-1 
4.9E-a 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.OE-0 

I ILCR Summation = 1.lE-0 

: 
I 



l isk Equation 

IR 
FI 
EF 
EDn 
cv 

Table I-LIV-39 
Summary of Risk Quaotitation (radionuclides) 

Target Receptor: Off- Property Farm Resident (Child) 
Via Ingestion of Vegetables and Fruits 

Cv X EF X EDn X FI X IR - - 

Ingestion rate of fruits or vegetables 
Fmtion ingested fromcontaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in vegetables 

2.78-04 
NA 

3.7E+01 
2.4E+CU. 
2.3E-01 
2.2E-0 
5.9E-01 
2.0E+Ol 

0.106 kglday 
0.5 (Unitless) 
350 dayslyear 

6 Year 

CDI CSF ILCR 
Radionuclides (pci)  (pa)- '  (unitless) 

3.OE-02 
NA 

4.2E+Oo 
2.6E+05 
2.5E+01 

6.6E+01 
2.3E+03 

2.5E-04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.8E- 10 
1.4E- 12 
3.6E- 11 
1.3E-12 
1.3E-11 
1.7E- 10 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.3E-11 

1.5E-07 
3.48-07 
3.3E-10 
4.2E- 14 
l.lE-09 
4JE-08 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 
5.48-07 - I ILCR Summation - 



a 

a 

Table KIV-40 
Summary of Risk Quantitation (radionuclides) 

Target Receptor: Off- Property Farm Resident (Child) 
Via External Radiation 

DoseEqui~lencyEquat: = [DRXEFXEDnX EJX(l-SH;)] +[DRXEFXEDnXET,X(l-SH,)] 

EF 
ED Exposure duration 
mi 
ET, 
SH; 
SHO 

Fraction of year spent exposured 

Fraction of day spent indoors 
Fraction of day spent outdoon 
Shield factor indoors 
Shield factor outdoors 

DR Radionuclide specific dose concentrations 

R%6+Sd NA Pwg 
h2n NA Pa43 

T% 
%33 
‘Ihue+lOd 

srSO+ld 1.50E-02 po/g 
2.50E-01 pcilg 
2.65E-01 pCVg 

uns, 2.19E-02 pCi/g 
NA P m 3  

NA Pwg 
NA P W  

uns+2d 1.32E+00 pwg 

NA Pwi3 
NA Pwg 
NA Pci/p 
NA Pa& 
NA P a l 3  
NA Pwg 
NA Pcvg 
NA P c v g  
NA Pcl/g 
NA P a 3  

0.96 (unitless) 
6 Year 

0.92 (unitless) 
0.08 (unitless) 
0.5 (unitless) 

(uni tless) 
(see table below) 

CDI CSF ILCR 
ladionuclides (year pCi/g) (g/pCi-year)-’ (unit less) 

1 
NA 
NA 

4.7E-02 
7.8E-01 
8.2E-01 

6.8E-02 
NA 

4.1E+00 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.OE-06 
1.2E-09 

6.OE- l3 
5.4E-11 
8.5E-06 
2.4E-07 
5.1E-OB 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

4.7E- 13 
4.5E- 11 

1.6E-OB 
2.1E-07 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.3E-M - I ILCR Summation - I 



IR 
EF 
EDn 
EDc 
Bw 
ATc 
ATn 
cs 

Table H.IV.1-41 
Summary of Hirk Quintitltion (d~emicak) 

Rcfexmcc Reeepor: On-Ropaty Farm Raidmt (AduP) 
Via Inhdation of Particulata 

Inbhtionratc d pres (RAGS, 1989) 
Exposure frequency 
Exposure dura tion for non-carcinopnr 
Exposure dum tion for carcinogens 
Body weight 
Averap time for carcinogens (likthc) 
Averap time for om-mrcimgcnr (EDn x365) 
Cooccntration of chemicals in soil 

- 
BW X AT 

20 m31day 
350 days3rar 
70 Year 
70 Year 
70 kg 

25S50 days 
25550 days 

(see table below) 

Compoud Conccnba tion Units 

antimony 4.6E- 10 mum3 
a r d o r -  1254 5.3E-11 mumy 
ardor-1260 mum3 
arsenic 3.1E-10 mum3 
beryllium 735-11  mum3 
benzo(a)pyrcne 1.3E-11 mum3 
mdmium 5.9E-11 mum’ 
1.2-diddoroctbnc mum3 
magnesium 4.5E-06 mum3 
manganese 2.0E-09 mum3 
mercury mum3 
silwr mum’ 
2.3.7.8 - tcdd mum3 . 
hichlarocthene 7.7E-13 mum3 
uranium- total 9.58-09 mp/m3 

mum’ 

.I . .  

. L  . 
‘.. c . .  
I.” 



a 

Compound 
antimnv 

Table H.IV. 1-4 1 (continued) 
Summaxyof Risk QuanCtrhior (chemicals) 

Rehrence Receptor: On-Pmperty P.m Resident (Adult) 
Vir Inhalation of Partialass  

ILCR Calculation 
CDI CSF ILCR 

Imdk-day) (mdk-dav)-' (uritless' 
1.3E-10 NA NA 

Compound 
an6uunv 
amdorL1254 
amclor-1260 
arsenic 
beflium 
berm(a)pyrene 
cadmium 
1.2-dcHo11~etbane 
magnesium 
manganese 
mercury 
silver 

tncblometkne 
uranium-total 

2.3.7,B-kdd 

HQ Calculation 
CDI RfD HQ 

(mdkg-day) (mdk-day) (uuidess 
1.3E-10 NA NA 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.9E-03 

1.4E-05 
8.6E-05 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.8E-0: 

I 
1 Hanrd Qnoticnt Sum = 3.8E-0! 

amclor- 1254 
amclor - 1260 
arsenic 
beflium 
benm(a)pyrene 
cadmium 
1.2-dcHo1uetbne 
magnesium 
manganese 
mercury 
silver 
2,3,7,8-lcdd 
tncblometkne 
uranium - total 

NA 
NA 

1.5E+01 
8.4E+00 
6.1E+00 
6.3E+00 
9.1E-02 

NA 
NA 
NA 
NA 

l.ZE+OS 
6.OE-03 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

1.3E-0( 
1.7E-1( 
2.1E-11 
1.OE-1C 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.3E-15 

I I I ILCR Summation = 1.6E-09 



Risk Equation 

IR 
EF 
EDn 
ca 

Table EN-42 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: On-Property Farm Resident (Adult) 
Via Inhalation of Gases and Particulates 

CaX EFX EDn X IR - - 

Inhalation rate of gases (RAGS, 1989) 
Exposure frequency 
Eposure duration 
Concentration of radionuclides in air 

7.9E-W p a d  

7.98-08 p a d  
1.6E-07 p W d  
8.4E-07 p a d  
8.OE-09 pWm’ 

3.2E-06 p W d  

l.lE+Ol p a d  

Pad 

P a d  
P a d  

20 m3/day 
350 dayslyear 
70 Year 

(see table below) 

CDI CSP ILCR 
Radionuclides (pci) (Pci ) - l  (unitless) 

3.9E-01 
5.2E+06 
3.98-02 
7.88-02 
4.1E-01 
3.98-(13 

1.6E+00 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.OE-09 
7.3E- 13 
6.2E- 11 
8.3E- 12 
2.9E-08 
1.1E-07 
2.5E-08 
2.48-08 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.78-09 
3.8E-06 
2.4E- 12 ’ 
6.5E- 13 
1.2E-08 
4.3E- 10 

3.7E-08 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

L 
3.9E-06 - I ILCR Summation - 



Table H.IV -43 
Summary of  Risk Quaditrlion (chcmicak) 

Rcfaence  Receptor: On-Ropexty Farm Resident (Adult) 
Via Incidental Ingestion of Soil 

IRr 
CF 
EF 
EDn 
E D C  
Bw 
ATc 
ATn 
cs 

XCF 11l8 
B w X A T  

Ingestion cite of roil (RAGS, 1989) 
Conversion factor 
Expwure frcqucnfy 
Exposure d u e  tion for non-carcinogns 
Exposure duration for arcincgcns 
Bodyweight 
Averag time for a r c h g e n s  (Iiktimc) 
Averag time fornm-carcinogens (EDn x36S) 
Conccnha tion of chemicals in soil 

Compound Conccnha tion Units 

antimony 
a rdor- US4 
a r d o r -  U60 
ancnic 
beryllium 
benin(a)pymnc 
admium 
1.2-didoroctha 
magnesium 
mangncsc 
mercury 
iilW 
2.3.7.8- tcdd 
trichlaocthenc 
uranium-total 

Rcfcrclur 

ne 

180 mdday 
1.OE-06 kdmg 
. 350 daydycar 

70 Year 
70 Year 
70 kg 

zss50 dayl 
255Y) days 

(see table below) 

i 

, 

I 

I 

I 

1 
I 

I 

', 



. .  

Table H.IV-43 (continued) 

vi;  11 

I HQ Calcula im 
I I CDI 

Summary of Risk Qmaatitatioa (ehkiea ls )  
Reference Recemor: On-Property Farm Resident (Adult) 

dental Ingestion of Soil 
I ILCR Calculation 
I CDI I ILCR 

UOCIOI - 1260 

bayllium 1.92-07 5.OE-03 3.OE-05 

cadmium .9E-07 1.OE-03 1.9E-04 

arsenic 

benzo(a)pyrene 4.98-08 NA NA 

manganese 
macury 3.OE-04 
silva 5.OE-03 
2,3.7,8-tcdd 

uranium-total .OE-OS 3.OE-03 6.88-03 
trichluoethene 

lroclor 11254 

usenic 
xryllium 
>enzo(a)pyrene 
:admiurn 
13-dichluoet hane 
magnesium 
nanganese 
nacury 
iilva 

r ichluoethene 
iranium-total 

UOCIOI - 1260 

!.3,7.8-tcdd 

7.7E+00 
7.7E+00 
1.8E+00 
4.3E+00 
7.3E+00 

NA 

NA 
NA 
NA 
NA 

9.1E-02 

1.5E+os 
l.lE-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.E-07 

8.3E-07 
6.6E-07 
3.6E-07 

NA 

NA 
NA 
NA 
NA 

2.OE-11 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
N A '  
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 

IILCR Summation = 2.3E-06 



6 3 4 9  
Table H.IV-44 

Summary o f  Risk Quantitation (radionuclides) 
Reference Receptor: On-Property Farm Resident (Adult) 

Via Incidental Ingestion of  Soil 

Usk Equation 

IRS 
EF 
E& 
FI 
cs 

CSXEFX EDn X FI XIR - - 

Ingestion rate of soil (RAGS. 1989) 
Eposure frequency 
EKposure Duration 
Fractional Intake 
Concentration of radionuclides in soil 

R%6+Rd 3.84E-04 pCi/mg 
pCi/mg 

1.19E-04 pcimg 
Rn222 
Sr,+ld 
Tcpg 
-0 
%2+10d 
U23,M P C h 3  
U238+2d 277E-03 p c i g  

25OE-04 pCi/mg 
6.432-04 pCi/mg 
3.17E-05 p C i g  

pcimg 
pCi/mg 

180 mg/day 
350 daysbear 
70 Year 

1 (unitless) 

pCi/mg 
pCihng 
pCi/rng 
pCi/mg 
pCimg 
P c h g  
pCi/mg 
pCi/mg 
P c h g  
pCi/mg 

CDI CSF ILCR 
tadionuclides (pCi) (pCi1-l (unitless) 

1.69E + 03 

5.2SE+O2 
l.lOE+03 
284E+03 
1.4OE+O2 

1.22E+04 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.80E- 10 
1.4OE- 12 
3.6OE-11 
l..WE- 12 
13OE-11 
1.70E- 10 
1.6OE- 11 
2oOE-11 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

, NA 

1.32E-06 

1.89E - 08 
1.43E - 09 
3.7OE-08 
278E-08 

244E-07 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.632-06 - I ILCR Summation - 



SA 
AP 
ABS 
C P  
EF 
ED0 
E D C  
BW 
ATc 
ATn 
cs - 

Table € I N - 4 5  

Rcfamcc Receptor: On-Ropcrty Farm Rcsidmt (Adult) 
Via Dermal Contact waitb Soil 

Summary of Rhk Quaotitdion (chemic&) 

P 

B W X A T  

Surhccarea of exposed skin (50th pcrccntile. hands only) 
S d  to skinadhcrcnoc Lctor (RAGS 1989) 
chemicals spccificabrorbtion factor (see table below) 
Conversion factor 
Exporure frequency 
Exporurc duntion for non-arcinopn~ 
Exporurc duntion for carcinogens 
Body weight 
Averag time for carcinogens (lilctimc) 
Averag time for om-carcinogens (EDn x365) 
Coacenha tion of chemicals in roil 

Compoud ABS Coacentrati Units 

antimony 
a rodor- US4 
arodor-U60 
arsenic 
beryllium 
benao(a)pyrcnc 
cadmium 
1.2-diddorocthane 
magnesium 
mangrncse 
merculy 
S i l K I  

2.3.7.8 -tcdd 
trichlaoethcnc 
uranium- total 

1.WE-02 
6.WE-02 
6 .WE -02 
1 .WE -03 
1 .WE -02 
3.WE-01 
1 .WE -02 
3.WE-01 
1 .WE - 02 
1.WE-02 
S.WE-02 
1.WE -02 
3.WE-02 
3 .WE -01 
1.WE -02 

NA 

3.23E-01 
2.468-02 

1.92E-01 
6.18E-02 
2.00E-02 
7 59E- 02 

2.82E+ 03 

7.SSE-04 
8.30E+W 

I  SO cm%a 
1 mglcm 

1E-06 kglmg 
CSV 

3xl dayqycar 
70 Year 
70 Ycar 
70 kg 

2ssxl days 
2ssY) days 

Compoud Coacenhati Unib 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 



... .. 

. . I  

Commund 
lantimnv 

. .  . .  
L.: 
. <  

HQ Calculation I ILCR Calculation 
CDI RfD HQ I CDI I CSF I ILCR 

(mpjkg-day) (mpjkg-day) (unitfessl 
2.548-07 6.00E-OS 4.24E-03 

: . 7  
b. ...' 
.=:. 
. . ; . .. ._ - . 
-,:. 

I amc1orl1254 I1.16E-07 

Table H.N-45 (oomCmed) 

I uranium-totd 4E-06 

h m p u n d  
intimny 
imclor - 1254 

(mp/kg-day)l [mp/kp,-day)-* I [udtless 
2.54E-07 NA NA 
1.16E-07 1.03E+01 

amclor- 1260 
arsenic 
b e g i u m  
benao(a)pyrene 
cadmium 
1,2-dcHometkine 
magoesium 
manganese 
memiry 
silver 
2.3.7.8 - tcdd 
trichlomethene 

A 
NA 
NA 
2.85E-04 
5.00E-03 

5.00E-05 

485E-01 
4.2OE-03 
4.5OE-OS 

NA 

NA 

NA 
NA 
5.88E-03 
1.50E-04 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
5.31E-05 
9.748-06 
NA 

NA 
1.20E-03 

4.58E-03 

NA 
NA 
3.03E-06 
4.368-02 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 
[HQ Summation = 5.37E-02 

imclor-1260 
1rsenic 
Peqllium 
Penao(a)pyrene 
admium 
1,2-deUometkine 
sagnesum 
sangnese 
senury 
iilver 
1.3J.8-tcdd 
:ricHoroetkne 
iranium -total 

1E-08 
7E-08 
3E-07 
8E-08 

2E-03 

BE-08 
4E-06 

1.03E+01 
1.84E+00 
4.30E+00 
NA 
NA 

NA 
NA 
NA 
NA 

1.01E-01 

3.00E+OS 
1.12E-02 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.19E-a 

2 . 7 9 8 4  
2.09E-0 
NA 
NA 

NA 
NA 
NA 
NA 

2.00E-11 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 

I ILCR Somumtion = 1.43E-Of 



Table I1.W-46 
Summary of R s t  Quantit~ion (chemicals) 

Refmamet Receptor: On-Ropcrty F.rm Resident (Aduk) 
Via Drinking W . t a  Ingestion 

IR 
EF 
EDn 
EDC 
BW 
ATc 
ATn 
cs 

Ingestion rate of groundwater (RAGS, 1989) 
Exporure frequency 
Exposure duration for non-rarcinogna 
Exposure duration for carcinogens 
Body weight 
Average time for carcimgens (IiLtimc) 
Avcmg time for nm-arcinogcnr (EDn 1365) 
Concentration of chemicals in groundwater 

Compoud Concentration Units 

antimony 
a rodor- US4 
ardor-  U60 
arsenic 
bcryilium 
bcnm(a)pymc 
cadmium 
1.2-diddoroethane 
magnesium 
mangncsc 
mercury 
rilwx 
2.3.1.8 - tcdd 
trichlaoethene 
uranium-total 

2 uday 
350 daystyear 
70 Y a r  
70 Y a r  
70 kg 

255Y) dap 
255Y) dap 

- '. 
. .  

.- . 
.- . 

J: 



Table H.IV-46 (amCmmed) 

Cbmpound 
intinunv 

HQCalculaCon 
CDI RfD HQ 

(mdh-day) [mdkg-day) [uoitless] 
NA 4.00E-04 NA 

imdorL1254 
rmdor-1260 
rrsenic 
)eflium 
# e m ( a ) w e a e  
admium 
L.2-dcHometlrane 
nagaesum 
nanganese 
nemuy 
aver 

ricblometkne 
iranium- total 

!.3,7.8-Wdd 

Compound 
intimny 
rmclor-1254 NA 

NA 
3.00E-04 
5.00E-03 

1.00E-03 

9.70E+00 
5.OOE - 03 
3.00E-04 
5.00E-03 

6.00E-03 
3.00E-03 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

[mp/kg-day)I [rnrdkg-day)-' I [umtless 
NA NA NA 
N A  7.70E+00 NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.78E-02 

7.868-02 

I I HQ Sumnution = 1.56E-01 

Summary of Risk Quintitstiom (ciemials)  
Rebreoca Receptor: On-Property Plm Residemt (Adult) 

Dhking Water hpstiom 
I ILCR Calculation 
I CDI [ CSF I ILCR 

rmclor-1260 
rrsenic 
)eqUium 
)em(a)pjrene 
mdmium 
1,2-dcHomethane 
magaesium 
manganese 
meFcury 
iilver 

tricbloroetkne 
rranium-total 

1,3.7,8-Wdd 

7.70E+00 
1.75E+00 
4.30E+00 
7.30E+00 

9.10E-02 
NA 

NA 
NA 
NA 
NA 
1 .SOE+ 05 
1.10E -02 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 
[ ILCR Sumnution = 



Zi5k fiuation 

IR 
EF 
EDn 
FI 
cw 

Table IttIV-47 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: On-Property Farm Resident (Adult) 
Via Ingestion of Drinking Water 

- - Cw X EFX EDn X FI X IR 

Ingestion rate of groundwater (RAGS, 1989) . 
Exposure frequency 
Exposure duration 
Fractional intake br radionuclides 
Concentration of radionuclides in groundwater 

3.3E-10 p a  

2.8E-02 pCin 
P a  

P a  
Pa 

P a  
P a  

1.7E+01 pCin 

1.3E-01 p a  
3.OE+00 p a  

2 Vday 
350 daysryear 
70 Year 

1 (Unitless) 
(see table below) 

CDI CSF ILCR 
!adionuclides ( p a )  (pCi)-' (unitlesll) 

1.6E-05 
NA 

1.4E+03 
8.2E+Cb 

NA 
NA 

6.5E+03 
15E+05 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.8E- 10 
1.4E- 12 
3.6E-11 
1.3E-12 
1.3E- 11 
1.7E- 10 
1.6E-11 
2.OE- I1 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.3E- 14 

5.OE-08 
l.lE-06 

NA 

NA 
NA 

1.OE-07 
2.9E-06 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.2E-06 - 1 ILCR Summation - 1 



DA 
EF 
ED0 
me 
BW 
ATc 
ATn 
SA 

Dcrmelabsarbed dore 
Exposure bcquency 
Exporurc duration for non-carcinognr 
Erponrrc dum tion for ca rcinogenr 
Bodyweight 
Avengc time brcarcioogcnr (likfimc) 
A v e n g  time for om-carcinogens (EDn 1365) 
Skinrurhccsre available forcoolact 

Table HJV-48 
Summary of R k t  Quadita im (&emid)  

Bcfucnce Rcccflor: On-Ropoly Farm Raridcnt (Adult) 
Via Dermal Contad while Bathing 

DAXEFXEDXSA 
BWXAT 

Compoud DA Uniu 

antimony 
ardor-  US4 
a r d o r -  W0 
ancnic 
beryllium 
benm(a)pyrcne 
cadmium 
1.2-dichlorocthanc 
magnesium 
manpncre 
mercury 
dKI 

trichlmthcne 
uranium-tog1 

2.3.1.a - tcdd 

ov mglcm2-hy 
350 daydye31 
70 Year 
70 Year 
70 kg 

25550 days 
25550 days 
uooo em2 



Table ELIV-48 (oonbmed) . 
Summary of Risk Qoanftat io~ ( d e n i a l s )  

Reference Receptor: <).-PmmerW Pam Beside8t (Adoh) 

hmpound 
ntiamny 

HQ Calculation 
CDI RfD HQ 

[mn/kg-day) (mplkg-day) [uidess) 
.NA 6.00E-05 NA 

melor - 1254 
mclor- 1260 
.nenic 
leflium 
ienao(a)pyrene 
admium 
.2-dcHomethne 
nagnesi um 
nanganese 
nenxty 
aver 
!.3,7,8-ledd 
nclioroetkne 
iranium-total 

NA 
NA 
2.8SE-04 
5.00E-03 

5.00E-05 

4.8SE-01 
4.U)E-03 
4.SOE-OS 

NA 

NA 

NA 
NA 
5.88E-03 
1.50E-04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.668-03 

4.528-01 

I 
I HQ Somumtion = 4.798-01 

anhnunv INA NA 
amclor- 1254 
amclor-1260 
arsenic 
beqllium 
benao(a)pyrene 
cadmium 
1.2-dcHomethne 
magnesium 
manganese 
mercury 
silver 

tricliometkne 
uranium-total 

2.3.7.8 - tfdd 

1.03E+01 
1.03E+01 
1.84E+00 
4.30E+00 

NA 
NA 

NA 
NA ' 

NA 
NA 

1.01E-01 

3.00E+05 
1.12E-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I ILCR Sornmation = 



IR 
FI 
EF 
ED0 
EDC 
BW 
ATc 
ATn 
CS 

Table l1.W -49 
Summary of Risk Quaditation (rhemicak) 

Refamce Recepor: On-Roperty Farm Raiidcnt (Adul) 
Via Ingestion of M u t  Produets 

- 
BWXAT 

Ingestion nte of meat 
Fraction ingested frm contamhated SOUIU 
Exposure frequency 
Exporure dura tion for non-carcinogns 
Exposure duntion for circincgcnr 
M y  weight 
Average time for carcinogens (liktimc) 
Average time for om-circinogcns (EDn x365) 
Conccntntion of chemicals in meat 

Compoud Conccntra tion Units 

antimony 
ardor-IZ54 
a r d o r -  U60 
arsenic 
beryllium 
knzo(a)pyrcnc 
cidrnium 
1.2-didoroctbr 
mag n e s br m 
manganese 
mercury 
silwr 
2.3.7.8 - tcdd 
trichlooethenc 
unnium- total 

ne 

3.4E-06 
7.5E-07 

9.6E-07 
6.2B-08 
6.8B-07 
1.2E-06 

7.1E-01 
2.9E-07 

3.8E-10 
1.6E-06 

0.1 kg/day 
0.75 (Unitless) 
350 daydycar 
70 Y e 1  
70 Y e 1  
70 kg 

25550 days 
25550 days 

I 

I 

I 



Table H.N-49 (continmed) 
Summary of Risk Qarmtitatiom (ekemiah) 

Reference Receptor: &-Property hm Residemt (Addt) 
Via Ingestion of Meat Prodacts 

Compound 
antinnny 

I HQ Calculation 
I CDI I RfD I HO 

ILCR Calculation 
CDI CSF ILCR 

(mdh-day) [mdlq(-day)-' furitless' 
3.5E-09 NA NA 

bmpound 
intinnny I 3.5E-09 4.OE-04 8.7E- 
imc~or - 1254 
imclor-1260 
irsenic 
)eqUium 
benzo(a)pjrene 
:admiurn 
1.2-dctlometbane 
nagnesi um 
nanpnese 
nenury 
aver 
!.3,7.8-tcdd 
ricblometbene 
iranium-total 

NA 
NA 

3.OE-04 
5.OE-03 

1 .OE - 03 

9.7E+00 
1.4E-01 
3.OE-04 
S.OE-03 

6.OE-03 
3.OE-03 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I amclor- 1254 I 7.7E-10 
NA 

3.3E-06 
1.3E - 08 

1.2E-06 

7SE-OS 
2.1E-09 

NA 

NA 

NA 
NA 
NA 

6.5E-11 
5.6E-07 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

amdor-1260 
arsenic 
beqUium 
betm(a)pjrene 
cadmium 
1.2-dctlometbane 
magnesi um 
manpnese 
mercury 
silver 
2.3.7.8- tcdd 
tncldometkne 
uranium-total 

9E-10 
4E-11 
OE-10 
ZE-09 

3E-04 
9E-10 

9E-13 
7E-09 

~ ~~ 

7.7E+00 
7.7E+00 
1.8E+00 
4.3E+00 
7.3E+00 

9.1E-02 
NA 

NA 
NA 
NA 
NA 

l.SE+OS 
1.1E-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

~~ 

S.9E-OS 
NA 

L~E-OS 

S.IE-OS 
2.7E-lC 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.3E-1! 

I I HQ Summation = 8.9E-05 I I I E R  Snmmation = 1.3E-08 

. 
- I  

I .  

1 



6 3 4 9  

lisk Equation 

IR 
FI 
EF 
EDn 
Cf 

Table H-IV-50 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: On-Property Farm Resident (Adult) 
Via Ingestion of Meat Products 

CfX EFX EDn X FI X IR - - 

Ingestion rate of meat 
Fraction ingested frorncontaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in meat 

R%+Sd 1.2E-04 pWkg 

srm + Id 4.5E-03 pWkg 

2.1E-06 pWkg 
1.OE-07 pWkg -%.+lM 

UPSA36 1.3E-0 pWkg 
U?38+2d 5.4E-04 pWkg 

%iz NA P r n k g  

T% 
-%w 

l.OE+UJ pWkg 

P W  
PWkg 

0.1 kg/day 
0.75 (Unitless) 
350 daystyear 
70 Year 

CDI CSF ILCR 
.adionuclides (PCI) (pa)- '  (unitless) 

2.2E-01 
NA 

8.2E+00 
1.9E+03 
3.9E-a3 
1.9E-04 
2.4E-03 
l.OE+UJ 

NA 
NA 
NA . 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

. 7.8E-10 
1.4E- 12 
3.6E-11 
1.3E- 12 
1.3E-11 
1.7E- 10 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.7E- 10 

3.OE- 10 
2.48-09 
5.OE- 14 
3.2E- 14 
3.9E- 14 
2.OE- 11 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.9E-09 - ILCR Summation - 

.... 



IR 
FI 
EF 
EDn 
EDC 
BW 
ATc 
ATn 
cs 

Table H.IV -51 
Summary of R6k Quaditslion (chemic&) 

Rcfermce Recepor: On-Ropaty Farm Raridmt (Adult) 
Via Ingestioa of Dairy Roducks 

- 
BWXAT 

Ingestion rate of dairy prodirts 
Fnction ingested fram wntamimted sou- 
Exposure frequency 
Exposure dun tion for non-carcinognr 
Exposure dun tion for srcinogcns 
Body weight 
Averag time for carcinogens (liktime) 
Averag time fornm-carcinogens (EDn x365) 
Concentra tion of chemicals inanimal products 

Compoud Comxntra tion Units 

antimony 
a r d o r -  US4 
ardor-l26O 
arsenic 
beryllium 
benm(a)pyrcnc 
cadmium 
1.2 - didorocth  
magnesium 
manganese 
mercury 
silwr 

trichlcrocthcnc 
uranium-tdal 

2.3.7.8- tfdd 

ne 

3.4E-04 
2.4E-04 

2.9E-05 

2.2E-04 
2.1E-03 

5.7E+02 
3.0E-04 

~ . 6 ~ - 0 a  

1.2E-07 
4.9E-03 

, 
0.4 Uday 

0.75 (Uniclco) 
350 days+ar 
70 Year 
70 Year 
70 kg 

2SEQ days 
2ss50 days 

* . .  c. 

J 

. . : '_. 



Table H-IV-51 (continued\ 
Snmmary of Risk Qnanti\trtion (ch&ials) 

Rebrenoe Reaptor: On-Property Plm Resident (Adnlt) 
Via Ingastion of Dairy Prodmetti 

I HQ Calculation 
I CDI I RID I HO 

~~ - 
kmpound I (mdkg-day) I fmdkg-day) I [unitless 
intimonv I 1.4E-06 4.OE-04 3.5E-0 
imc1or-1~4 
imclor- 1260 
inmic 
jerJUium 
,enao(a)wene 
:admiurn 
1.2-bchlomethne 
nagnesium 
nanganese 
nerury 
dver 
!3,7,8-tcdd 
ricblometkne 
iranium-total 

NA 
NA 

3.OE-04 
5.OE-03 

1 .OE - 03 

9.7E+00 
1.4E-01 
3.OE-04 
5.OE-03 

6.OE-03 
3.OE - 03 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

3.9E-04 
4.68-08 

8.78-03 
NA 

NA 
2.4E-01 
8.8E-06 

NA 
NA 
NA 

8.28-08 
6.78-03 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I HQ Summation = 2.6E-01 

r ILCR Calculation 
I CDI 1 CSF I ILCR 

Compund I fmdkg-day)l [mp/lm-day)-' I [umdess 
NA antimony I 1.4E-06 NA 

rmclor-1254 
rmclor-1260 
ineuic 
iewium 
ienao(a)pjrene 
admium 
L,2-dcHomethane 
magnes um 
manganese 
mePcury 
dver 
1.3.7.8-lcdd 
:ricblometkne 
rraniurn-total 

7.7E+00 
7.7E+00 
1.8E+00 
4.3E+00 
7.3E+00 

9.1E-02 
NA 

NA 
NA 
NA 
NA 

1.5E+OS 
1.1E-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7SE-0 

2.1E-0 
9.8E-11 
6.5E-0 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.4E- 1: 

I ILCR Summation = 1.4E-0! 



tisk muation 

IR 
FI 
EF 
EDn 
CP 

Table KIV-52 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: On-Property Farm Resident (Adult) 
Via Ingestion of Dairy Products 

Cp X EFX EDn X FIX IR - - 

Ingestion rate of dairy produce 
Fraction ingested fromcontaminated source 
E x p u r e  frequency 
Exposure duration 
Concentration of radionuclides in animal products 

2.2E-01 
NA 

2.2E+01 
1.2E+U3 
1.7E-U3 
8.6E-05 
4.8E-Q3 
1.6E+a) 

0.4 Vday 
0.75 (Unitless) 
350 day%&ear 
70 Year 

CDI CSF ILCR 

1.6E+03 
NA 

1.6E+05 
8.88+06 
1.3E+01 
6.3E-01 
3.5E+01 
1.2E+04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.8E- 10 
1.4E- 12 
3.6E- 11 
1.3E- 12 
1.3E-11 
1.7E-10 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.2E-06 

5.98-06 
l.lE-05 
1.7E- 10 
1.1E-10 
5.6E- 10 
2.48-07 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 
1.9E-05 - I ILCR Summation - 



IR 
FI 
EP 
ED0 
E D C  
BW 
ATc 
ATn 
cs 

Table HJV-53 
Summary of Risk Quantitation (chemicals) 

Bcfacnce Reccpor: On-Property Farm Rcsidcnt (Aduk) 
Via Ingestion of Vegdablcs and Frub 

Ingestion nlc of fruits or vcgeta blcr 
Fection ingested fran contaminated sou~ec 
Exposure hqucncy 
Expmvre dun tion for non-carcinogar 
Exporurc dun tion for carcinogens 
Body wcigbt 
A v e n g  timc for carcinogens (liktimc) 
A V C I ~ ~  timc for non-c~rcinogcns (EDn ~ 3 6 5 )  
Conccntn tion of chemicals io vcgcta blcs 

- 
BWXAT 

Compo'ud C o ~ c c n t n  tion Units 

antimolry 
a r d o r -  US4 
a r d o r -  U60 
a ncnic 
beryllium 
tcnm(a)pymnc 
cadmium 
1,l-didoroctba 
magnesium 
manganese 
mercury 
silur 
2.3i7.8-lcdd 
trichlmathcnc 
uranium- t&al 

nc 

6.SE-02 
3.1E-04 

7.7E-03 
6.2E-04 
2.3E-04 
4.2E-02 

2.88+03 
7.0E-02 

1.2E-03 
l . lE-O1 

0.122 kg/day 
0.5 (Unidcrr) 

70 Year 
70 Year 
70 kg 

350 dayrlyepr 

ZSSY) days 
ZSSY) days 

I 



Table H.N-53 (aontinoed) 
Sommrty of Risk Q ~ a n t i b t i o ~  (d~enials) 

Rebrena, Reaptox  On-Property h m  Resident (Adult) 
Via 1nge~ti011 of Vegetables and €hits  

1 HQ Calculation 
I I CDI I RfD 1 HQ 
Compund I (mpjh-day) I (mpjlrg-day) I [uddess 
antimony I 5.4E-05 4.OE-04 1.3E-0 
amclor-1254 I amclor- 1260 
arsenic 
beqllium 
bem(s)pyrene 
cadmium 
1,2-15cHomethane 
magnesium 
manganese 
mercury 
silver 
2.3,7,8 -add 
tnchloroetkne 
uranium-total 

NA 
NA 

3.OE-04 
5.OE-03 

1.OE - 03 
NA 

NA 
9.7E+00 
1.4E - 01 
3.OE-04 
5.OE-03 

6.OE-03 
3.OE-03 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

2.1E-02 
1.OE -04 

NA 

NA 
3.58-02 

2.4E-01 
4.2E-04 

NA 
NA 
NA 

1.7E - 04 
3.1E-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I I I HQ Summation = 4.7E-01 

I ILCR Calculation 
I CDI [ CSP I ILCR 

Imclor-1254 
Imclor-1260 
lnenic 
ieqllium 
ieaao(a)pyrene 
.admiurn 
..2-dcHomethne 
nagnesium 
nangnese 
nercury 
ilver 
!.3,7.8 - tcdd 
richlometkne 
innium - total 

NA 2.OE-06 I NA 
7.7E+00 
7.7E+00 
1.8E+00 
4.3E+00 
7.3E+00 

9.1E-02 
NA 

NA 
NA 
NA 
NA 

l.SE+OS 
l.lE-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.1E- 05 
2.2E-06 
1.4E-06 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.1E-08 

I ILCR Summation = 1.7E - OS 

... 

. i 

.. * 
- I  ...-. . 
.., 

I 



63 4-9 

Liek Equation 

IR 
FI 
EF 
EDn 
cv 

Table I€ IV- 54 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: On-Property Farm Resident (Adult) 
Via Ingestion of Vegetables and Fruits 

CvX EFX EDn X FI X IR - - 

Ingestion rate of fruits or vegetables 
Fraction ingested fmmcontaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides invegetables 

0.122 kg/day 
0.5 (Unitless) 
350 daystyear 
70 Year 

~ ~~ 

CDI CSP ILCR 

RaZ26+Rd 5.8E+al 

TC9, 
-43 
%32+lOd 

urn+, ~ . ~ E + O I  

%xz NA 
%Q+ld 3.OE+02 

2.5E+03 
5.5E-01 
2.7E-02 

urn, 6.5E-01 

ladionuclides (pCi) (UCi) - l  (unitless) 

8.6E+03 
NA 

4.4E+05 
3.7E+06 
8.2E+02 
4.OE+01 
9.7E+02 
5.7E+04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.8E- 10 
1.4E-12 
3.6E- 11 
1.3E- 12 
1.3E-11 
1.m- 10 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA . 

6.78-06 

1.6E-05 
4.8E-06 
1.lE-OS 

' 6.8E-09 
1.6E-OS 
l.lE-06 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.9E-05 - I ILCR Summation - 



Table I-LIV-55 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: On-Property Farm Resident (Adult) 
Via External Radiation 

Dose EquivalcncyEquat: = [DRXEFXEDnX ET;X(l-sH;)] +[DRXEFXEDnX ET,X(l-SHJ] 

EF 
ED Exposure duration 
mi 
m o  
SH; 

Fraction of year spent exposured 

Fractionofdayspent indoors 
Fraction of dayspent outdoors 
Shield factor indoors 
Shield factor outdoors 
Radionuclide specific dose concentrations 

3.848-01 pWg 

1.19E-01 pWg 
2SOE-01 pWg 
6.4SE-01 pCVg 
3.17E-02 pWg 

NA PWg 

NA P a 3  

NA PWS 
NA P W  

2.77E+00 pWg 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.96 (unitkss) 

0.76 (unitkss) 
0.24 (unitless) 
0.5 (unitkss) 

(uni tkss) 
(see table below) 

70 Year 

CDI CSF ILCR 
2adionuclides [year pCi/g) (g/pCi-year)-' [unitless) 

1.6E+01 

5.OE+00 
l.OE+Ol 
2.7E+01 
1.3E+OO 

1.2E+02 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

. NA 

6.OE-06 
1.2E-09 

6.OE- l3 
5.4E- 11 
ME-06 
2.4E-07 
5.lE-08 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

9.6E-05 
NA 

6.2E- 12 
1.5E-09 
l.lE-05 

5.98-06 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I ILCR Summation - - l.lE-04 



. 

E 

IR 
EP 
EDn 
E D C  

BW 
ATc 
ATn 
cs 

Inbahtion rate d @scs (RAGS, 1989) 
Exporurc frequency 
Exposure duo tion for non-carcinognr 
Exposure duo tion for carcinogens 
Body weight 
Avcrag time forcarcimgcns (lifetime) 
A v e o g  time for nm-carcimgenr (EDn ~36.5) 
Concentration ofchemicals in roil 

Table H.W-56 
Summary of Rhk Quaditatioo (cbcmicaki) 

Refaence Receplor: On-Property Farm Raridat (Child) 
Via Inhalation of Puticulatcs 

- 
B W X A T  

Compoud Concentration Units 

antimony 4.6E-10 m g d  
a r d o r  - US4 5.3E-11 mum3 
a rodor - WO mdm3 
a ncnie 3.W-10 m g d  
beryllium 7.3E-11 m g d  
benm(a)pyrcne 1.3E-11 mum3 
cadmium S.9E-11 mum3 
1.2-diddoroctl~ ne mum3 
magnesium 4.SE-06 mum3 
manga ncsc 2.0E-09 mum’ 
mercury mum3 
ri lwx mum3 
2.3.7.a-lcdd mum3 
trichlorocthenc 7.78-13 mg/m3 
un nium - 1-1 9.5E-09 mg/m3 

mum’ 

u m%ay 
340 da-r 

6 Year 
6 Year 

IS kg 
25540 days 
2190 days 

(see table below) 



Table H.W-56 (coaCnued) 
Summary of Risk Q u a n f e h n  (chenials) 

Rebrence Receptor. On-Property Fam Resident (Child) 
Via Inhalation of Partialahs 

I HQCalculaCon 
I CDI I RID I HQ 

hmpound 
,nCmony I 3.5E-10 NA NA 

I [mdkg-day) I [mg/lrg-day) I [witless) 

mclor 1254 
mclor- 1260 
l S 6 C  
leflium 
iem(n)pyrene 
admiurn 
,2-dcYoloethane 
nagneaum 
nangaese 
nercury 
aver 
1.3.1.8-lcdd 
ricblometkne 
iranium - total 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.9E-03 

1.4E-05 
8.6E - 05 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA ' 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.1E-04 

I 

IHaurd Quotient Sum = l.lE-04 

I ILCR Calculation 
I CDI I ILCR 

,mclor: 1254 
~mclor-1260 
IrseniC 
ieqllium 
ienm(a)pyrene 
rdmium 
1.2-dchlometbane 
nagnesium 
naagnese 
nercury 
aver 
!,3,7.8-lcdd 
ricblometbene 
iranium - total 

NA 
NA 

1.5E+O1 
8.4E+00 
6.1E+00 
6.3E+00 
9.1E-02 

NA 
NA 
NA 
NA 

1SE+05 
6.OE - 03 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

3.1E-10 
4.OE-11 
5.1E-12 
2.4E-11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.OE-16 

I ILCR Sumnution = 3.8E-10 

I 



Table E N - 5 7  
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: On-Property Farm Resident (Child) 
Via Inhalation of Gases and Particulates 

Zisk Equation 

IR 
EF 
E D n  
ca 

CaXEFXEDnXIR - - 

Inhalation rate of gases (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in air 

7.98-07 p a d  
l.lE+Ol p a d  
7.9E-OS pCi/m' 
1.6E-07 p W d  
8.48-07 p W d  
8.OE-09 pCi/m' 

3.2E-06 p W d  
Pad 

Pad 
Pad 

12 m'lday 
350 daysbear 

6 Year 
(see table below) 

pwm' 
p W d  
pWm' 
pCi/m7 
p o l d  
pwm' 
pwm' 

Pad 
pwm' 

PwM' 

CDI CSF ILCR 
:adionuclides ( p a )  (pa)- '  (unit less) 

1 
2.OE-02 

' 2.OE-03 
4.OE-03 
2.1 E- 02 
2.OE-04 

8.OE-02 

2.7E+05 

. NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.OE-09 
7.3E- 13 
6.2E- 11 
8.3E- 12 
2.98-08 
1.1E-07 
2.5E-08 
2.4E-08 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.4E- 10 
2.OE-07 
1.2E- 13 
3.3E- 14 
6.2E- 10 
2.2E- 11 

1.9E-09 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I ILCR Summation = 2.OE-07 I 



IRs 
C P  
EP 
ED0 
E D C  
Bw 
ATc 
ATn 
cs 

Table H N - 5 8  
Summary of Risk Quantitrtioa (Cbemicb) 

Wcfacnee Receptor: On-Property Farm Rcsidcnt (Child) 
Via Incideotal Ingestion of Soil 

Ingestion ~ 1 c  of soil (RAGS, 1989) 
Conversion factor 
Exposure frequency 
Exposure dun tion for non-carcinopa 

Body weight 
Average time forarcimgcns (liktime) 
Avcrag time for om-archogens (Eh x365) 
Conccntn tion of chemicals in soil 

Exposure duntion for arcingens 

Compoud Cooccnbation Units 

antimony 
a r d o r - a 5 4  
ardor-  lZ6O 
arsenic 
beryllium 
benzo(a)pyrcnc 
admium 
1.2-didorocthnc 
magnesium 
mangncse 
mercury 
raucr 
2.3.7.8-t~dd 
trichlaoethenc 
uranium- total 

3.2E-01 
2.58-02 

1.9E-01 
6.28-02 
Z.OE-02 
7 . 6 8 4 2  

2 . 8 E 4 3  

7.6E-04 
8 . 3 E 4 0  

200 mdday 

350 
1.OE-06 kg/mg 

6 Year 
6 Year 

I5 kg 
25550 days 
2190 dap 

(see table below) 



Table II.IV-58 (continued) 
Summary of Risk Quadtation (chemicals) 

Reference Receolor: On-Property Farm Resident (Child) 

.1E-07 NA NA 

2 . a - 0 6  3.OE-04 8.2E-03 
7.9E-07 S.0E-03 1.6E-04 
2.6E-07 NA NA 

.7E-07 1.OE-03 9.7E-04 

.6E-02 9.7E+00 3.7E-03 
1.4E-01 
3.OE-04 

12-dichlmod hane 

ideotal Ineestion of Soil 
Y 

I ILCR Calcuktion r I CDI I CSF I ILCR 
Compound 
antimonv I 3.E-07 NA NA 

I (mlVkg-day)l (mlVkn-day)-l I (untlss' 

aroclar 1254 

arsenic 
baylbum 
bemo(a)pyrene 
cadmium 
12-dichlmod hane 
magnsium 
manganse 
mercury 
s i b 6  
2.17.8 -tcdd 
trichluoethene 

~ o ~ l ~ r  - 1260 
2.7E-08 

2.1E-07 
6.8E-08 
2.2E-08 
8.3E-08 

3.1E-03 

8.3E- 10 

7.7E+00 
7.7E+00 
1.8E+00 
4.3E+00 
7.3E+00 

NA 

NA 
NA 
NA 
NA 

9.1E-02 

1.5E+05 
l.lE-02 

I uranium-totat I 9.1E-06 NA 
NA 
NA 

. N A  
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 

I ILCR Summation = 1.OE-06 

2.1E-0: 

3.7E-0: 
2.9E-0; 
1.6E-0; 

NA 

NA 
NA 
NA 
NA 

9.1E-12 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 



. . '. 

Table H.IV-59 
Summary of  Risk Quantitation (radionuclides) 

Reference Receptor: On-Property Farm Resident (Child) 
Via Incidental Ingestion of  Soil 

CS X EFX EDn XFI XIR - Gsk Equation - 

IRS 
EF Eqmure kequency 
EDIl Eqmure Duration 
FI Fractional Intake 
cs 

Ingestion rate of soil (RAGS, 1989) 

Concentration of radionuclides in soil 

3.84E-04 pCimg 
pCimg 

25OE-04 pCimg 

3.17E-05 pCimg 

277E-03 pCimg 
pCi/mg 
pCi/mg 

R%+M 
Rnzzz 
TC99 
-0 
%Z+lOd 
u,,, P c h g  

1.19E-04 p C i g  

6.45E-04 p C i g  

Srm+ld 

%R+2d 

200 mg/day 
350 daystyear 

6 Year 
1 (unitless) 

pCi/mg 
pCimg 
pCimg 
P C i g  
pCimg 
P C h Z  
P C h 3  
pCimg 
pCi/mg 
pci/mg 

Zadionuclides (pCi) (unitless) 

1.61E+02 

5.00E+01 
1.05E+02 
27lE+02 
1.33E+01 

1.16E+03 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.80E- 10 
1.4OE- 12 
3.60E - 11 
1.3OE- 12 
13E-11 
1.70E- 10 
1.6OE-11 
2OOE-11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.26E-07 

1.8OE-09 
1.37E- 10 
3.52E-09 
226E-09 

2.33E-08 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I '  



Table IIJV -60 
Summary of Rhk Quadilation (Ehcmicak) 

R e f a e c c  Receptor: On-Roperty Farm Rcsidet (Child) 
Via Dermal Contact waith Soil 

SA 
AF 
ABS 
C F  
EF 
EDn 
EDC 
BW 
ATE 
ATn 
cs 

Surkccarca ofcxpowd skin (50th percentile, hands only) 
Sdl to rkinadhcrcna Lctor (RAGS 1989) 
chcmkalr rpccifica bsorbcion factor (scc tablc helow) 
Conversion factor 
Exporure frequency 
Exposure duetion for non-carcinognr 
J3posure due  tion for carcinogens 
Body weight 
Avcrag time for carcinogens (lBtimc) 
A v e n g  time fornm-carcimgcns (EDn 1365) 
Conccntm tion of chemicals in roil 

2000 1 c m 4 b  mg/cm l 
CSV 

1E-06 kg/mg 
3 s  da)dycar 

6 Year 
6 Year 

25550 days 
15 kg 

2190 days 

Compoud ABS C o m n m t i  Units 

antimony 
a rodor- US4 
arodor-U60 
arscnic 
beryllium 
bcnm(a)pyrcnc 
cadmium 
1,2-didoroct$ 
magncshm 
mane ncsc 
mercury 
rilwr 
2.3.7.8 - ccdd 
trichloocthcne 
u e  nium - total 

1.00E-02 
6.00E-02 
6.00E-02 
1.00E - 03 
1.00E -02 
3 .ME -01 
1 .WE - 02 

I ne 3 .WE -01 
1.00E -02 
1.00E-02 
5.00E-02 
1.00E-02 
3.00E-02 
3 .ME -01 
1.00E-02 

NA 

3.23E-01 
2.468-02 

1.92E - 01 
6.18E-02 
2.00E-02 
7.59E-02 

2.828+03 

7.55E-04 
8.30E+W 



Table H.IV - 60 (amtimmed) 

ampound 
intirmny 

Summary of Risk Q u a m h b m  (&enriala) 
)I: On-Prowatv hrn Resident (Child) 

- 
HQ Calculation 

CDI RID HQ 
(mn/kg-day) (mrJkg-day) (umtless: 
4.13E-07 6.WE-OS 6.88E-03 

imclor- 1254 
imclor- 1260 
irsenic 
beflium 
)enm(a)wene 
idmium 
L,2-dcHometbane 
nagnesium 
nanganese 
nercury 
aver 
!,3,7.8-tcdd 
dcblometkne 
iranium-total 

NA 
NA 
2.85E-04 
5. WE - 03 

5.WE-05 

4.85E-01 
4.20E-03 
4.50E-05 

NA 

NA 

NA 
NA 
5.88E-03 
1.50E-04 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
8.61E-0: 
1.58E-05 

1.94E- 02 
NA 

NA 
7.438-0: 

NA 
NA 
4.92E-Ot 
7.07E -02 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I HQ Summation = 8.71E-02 

Dermal c0;trc;wil Soil 
I ILCR Calculation 

I I CDI I CSF I ILCR 
Compound 
an6rmny 13.54E-08 NA NA 

I fmdkg-day)I (mrJkg-day)-’ I (umtless’ 

amclor- 1254 
amclor-1260 
arsenic 
beflium 
benm(a)pyrene 
cadmium 
l,2-dchlometbane 
magnesium 
manganese 
mercury 
silver 
2,3,7,8- tcdd 
tricblometkne 
uranium - to tal 

1.03E+Ol 
1.03E+01 
1.84E+W 
4.30E+W 
NA 
NA 

NA 
NA 
NA 
NA 

1.01E-01 

3.WE+OS 
1.12E -02 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.66E -0; 

3.888-OS 
2.91E-Of 
NA 
NA 

NA 
NA 
NA 
NA 

2.798- 11 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

L I ILCR Summation = 1.99E-07 

T .  
_ I  , 
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Table H N - 6 1  
Summary of Risk Quaaitatioa (chemicak) 

R e f a m c e  Receflor: On-Ropesty Farm Rcsidrnt (Child) 
Via Drinking Watar Ingestion 

IR 
EF 
EDn 
EDc 
Bw 
ATc 
ATn 
cs 

IngesIion a t c  o f  groundwatcr (RAGS, 1989) 
Exporurc frequency 
Expopure duration for non-carcinopu 
Exporurc dun tion for B rcincgcns 
Body weight 
Avcmg time for carcinogens (lilctimc) 
Avelag~ time fornm-carcinogens (EDn x365) 
Concentration o f  chemicals in groundvatcr 

- 
BWXAT 

Compound Coxenhation Unib 

antimony 
a r d o r -  US4 
ardor-I260 
arsenic 
beryllium 
bcnao(a)pyrcnc 
cadmium 
1.2-didoroctte ne 
magnesium 
mangncse 
mcrcury 
rilw2r 
2,3,7,8 -tcdd 
trichlarocthenc 
unnium-total 

1 V h y  
3% daywyulr 

6 Year 
6 Year 
IS kg 

255% days 
2190 dayr 

I 



Table H N - 6 1  (amtimod) 

,Compound 
antimony 

HQCalculation 
CDI RfD HQ 

(mdkg-day) (m&-day) (uudess 
NA 4.00E-04 NA 

arnc1orL12~4 
amclor-1260 
a m d c  
beflium 
betm(a)pyreac 
cadmium 
1,2-dcHometk.ne 
magnesium 
manganese 
mercury 
silver 
2.3.7.8-ledd 
trichloroetkne 

'NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 

9.088-04 

NA 
NA 
3.00E-04 
S.00E-03 

1.00E-03 
NA 

NA 
9.70E+00 
S.00E-03 
3.00E-04 
S.00E-03 

6.00E-03 
NA 

I uranium-total SOE-04 3.00E-03 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1 
[HQ Summation = 3.65~-a  

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

i . 8 2 ~ - a  

i . a 3 ~ - a  

f Risk Q p a a h i o a  (denials) 
ir: On-Property Farm Xesideat (Child) 
Drimking Water Iagestioa 

I ILCR Calculation 
I CDI I ILCR 

imclor- 1254 
imclor- 1260 
IrsdC 
ieqllium 
iem(a)pyrene 
rdmium 
:.Z-bctlomet&ane 
nagmxium 
nangdnese 
nercury 
aver . 
!.3,7.8 - tcdd 
richlometkne 
imnium-total 

8E-OS 

2E-OS 

7.70E+00 
7.70E+00 
1.7SE+ 00 
4.30E+00 
7.30E+ 00 

9.1OE-02 
NA 

NA 
NA 
NA 
NA 
1 .SOE+ OS 
l.lOE-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I ILCR Summation = 



. . .~ .. . . . . .. .. .... . -~ . . . .... . . ... . .~ ... ~ ~. . ~ .  __. . .. ... - .- -. . -. - . - . . .. - 

a 

0 

Table KIV-62 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: *-Property Farm Resident (Child) 
Via Ingestion of Drinking Water 

tisk Equation 

IR 
EF 
EDn 
FI 
cw 

CwX EFX EDn X FI X IR - - 

Ingestion rate of groundwater (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Fmctional intake b r  radionuclides 
Concentlation of radionuclides in groundwater 

R%26+Rd 3.3E-10 p a  

Srso + Id 2.8E-02 p a  
Rn2, P a  

%w P a  
%+1M P a  

P a  
Pa 

T% 1.7E+01 p a  

U23SE4 1.3E-01 pCin 
urn+, 3.OE+00 p a  

1 Vday 
350 daystyear 

6 Year 
1 (Unitlen) 

(see table below) 

CDI CSF ILCR 
Radionuclides ( p a )  (pa)-' (unit less) 

6.9E-07 
NA 

5.9E+01 
3.5E+04 

NA 
NA 

2.8E+02 
6.3E+03 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.8E- 10 
1.4E- 12 
3.6E- 11 
1.3E-12 
1.3E- 11 
1.7E- 10 
1.6E- 11 
2.0E- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.4E- 16 
NA 

2.1E-09 
4.6E-08 

NA 
NA 

4.5E-09 
1.3E-07 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 

[ILCR Summation - - 1.8E-07 

, _  . .  . . . )  ' . . i  ,,., ' .  ., 1 *I .:.>,!? i 



D A  
EF 
EDn 
EDc 
BW 
ATc 
ATn 
SA 

Dcrrml absorbed dose 
Exposure frequency 
Exporurc dun tion for non-carcinognr 
Exporure duntion for carcinogens 
Body weight 
Aveng time for carcinogens (liktimc) 
Aveng time for non-carcinogens (EDn 1365) 
Skinrurkccarea awilablc forsontact 

Table H.IV -63 
Summary of Risk Quadi ta im (rbcmicak) 

Rcfamee Receptor: On-Property Farm Raridmt (Child) 
Via Dermal Contact while Bathing 

DAXEPXEDXSA 
B W X A T  

Compoud D A  Units 

antimony 
a rodor- l2S4 
a rodor- 1260 
arsenic 
beryllium 
benm(a)ppne 
cadmium 
1.2-didoroelhanc 
magnesium 
mangnere 
mercury 
silver 
2.3.7.8 - t d d  
tricblarocthcnc 
unnium- total 

NA 
NA 
NA 
NA 
N A  
N A  
NA 
NA 
NA 
3 .SSE 

NA 
NA 
N A  
NA 
2 . m  

N A  

csv mgjcm2-L y 
3 9  & M a r  

6 Year 
6 Year 

IS kg 
2 s s 9  dap 
2190 dap 
23000 cm2 

Compoud D A  Units 

NA mgicmz-hy 
NA mgjcmz-hy 
NA mglcm2-Ly 
NA mg/cmz-hy 
NA mdcmz-hy 
NA . mdcm2-hy 
NA mdcm2-hy 
NA mgicm2-hy 
NA mdcm2-hy 
NA mdcm2-hy 
NA mdcmz-dy 
NA mdcrnz-hy 
NA mglcm2-Ly 
NA mdcmz-hy 
NA mdcmz-day 



0 '  0 

Table H-IV-63 (aomtinmed) 
Summary of Risk Qurntitrtiom (chemicals) 

Rebrence Receptor: On-Pmpertq hm Residemt (Child) 

I HQ Calculation I ILCR Calculation 
I I CDI I RfD I HQ I I CDI I CSP I ILCR 
Compound I (mplk-day) I fmplkg-day) I [unitless 
antimony INA 6.OOE-05 NA 
amclor-12~4 I amclor - 1260 
arsenic 
beflium 
bem(a)p/rene 
cadmium 
1,2-bcHometbane 
magnesium 
manganese 
merrury 
silver 
2.3.7.8 -kdd 
trichloroetkne 
uranium - total 

I I I HQ Sommatioo = 2.238-01 

NA 
NA 
2.85E-04 
5.OOE-03 

5.OOE-05 
NA 

NA 
4.85E-01 
4.20E-03 
4.508-05 

NA 
NA 
5.88E-03 
1.SOE - 04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.24E-0: 

2.1 1E - 0 

Compund 
antimny NA NA 

I (m$kg-day)I (mdkg-dayl-' I [unitless 

amclor -1254 
amclor- 1260 
arsenic 
beflium 
benzo(a)wene 
cadmium 
l , l -bcHometbne 
magnesium 
manganese 
merrury 
silver 
2.3.1.8-kdd 
trichloroetkne 
uranium-total 

1.03E+01 NA 
1.03E+01 NA 
1.84E+OO NA 
4.30E+OO NA 

NA NA 
NA NA 
1.01E-01 NA 

NA NA 
NA NA 
NA NA 
NA NA 
3.OOE+OS NA 
1.12E-02 NA 

NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 

I I I ILCR Sommatioo = 

I 



IR 
Fl 
EP 
ED0 
EDC 
BW 
ATc 
ATn 
cs 

E 

Table I1.IV-64 
Summary of R s k  Quantitation (chcmicak) 

Refacncc Recepor: On-Property Farm R a i d k t  (Child) 
Via Ingestion of Meat Products 

Ingestion n t e  of meat 
Pnction ingested frm contaminated SOUICC 

Exposure d u n  tion for non-carcinogor 
Exposure d u n  tion for carcincgeos 
Bcdy weight 
A v e n g  time for carcinogens (lifetime) 
A v e n g  time for ncm-carcinogens (ED0 x365) 
Concentration of chemicals in meat 

Exposure frcqucng 

- 
BWXAT 

Compoud Concentn tion Units 

antimony 
a r d o r - Y S 4  
a r d o r - Y 6 0  
arsenic 
beryllium 
benm(a)pyrcnc 
cadmium 
1,2-didorocthne 
magnesium 
manganese 
mercury 
Silwx 
2.3.7.8 - t d d  
trichlmocthcnc 
uranium- total 

3.4E-06 
7.5847 

9 . 6 8 4 7  
6.2E-08 
6.8E-07 
1.2E-06 

7.1E-01 
2.98-07 

3.8E-10 
1.6E-06 

0.039 kd&y . 
0.75 (Unides) 
350 dayllycar 

6 Y Q ~  
6 Y o r  
IS kg 

ZSSY) day¶ 
2190 days 



Table H.N-64 (mntiaued) 
Summary of Risk QoantitatiOa (eheniab) 

R e h e n c e  Receptor: On-Property Plm Resident (Child) 
Via Ingestion of M a t  Pmdmcts 

Compound 
antimony 

I HQCalculalion 
I CDI I RID I HO 

ILCR Calculation 
CDI CSP ILCR 

[mdkg-day) (m&-day)-* (uddesr 
5.4E- 10 NA 

Compound I [mdkg-day) I [mdkg-day) I [u~idess) 
antinwnv I 6.3E-09 4.OE-04 1.6E-05 

1.2E-10 
NA 

1.5E-10 
9.98-12 
l.lE-10 
1.9E-10 

l.lE-04 
4.6E-11 

NA 

NA 
NA 
NA 

6.OE-14 

amclor-1254 
amclor-1260 
l rSen iC 
Beflium 
)etm(a)wene 
admium 
1,2-dchlomcthane 
nagnesium 
nanganese 
nercury 
aver 
!.3,7.8-ledd 
ricblometkne 
iranium-total 

NA 
NA 

3.OE-04 
5.OE - 03 

1.OE-03 

9.7E+00 
1.4E-01 
3.OE-04 
5.OE-03 

6.OE-03 
3.OE-03 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

6.OE-06 
2.3E-08 

2.2E-06 

1.4E-04 
3.88-09 

NA 

NA 

NA 
NA 
NA 

1.2E-10 
1.OE-06 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 

[HQ Summation = l.6E-04 

amclor-1254 
amclor-1260 
arsenic 
b e d i u m  
bem(a)pyrene 
cadmium 
1.2-dchlomethne 
magnesium 
manganese 
mercury 
silver 

trichlometkne 
2,3,7,8-t~dd 

I uranium-total 6E-10 

NA 
7.7E+00 
7.7E+00 
1.8E+00 
4.3E+00 
7.3E+00 

9.1E-02 
NA 

NA 
NA 
NA 
NA 

1.5E +OS 
1.1E-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA . 
NA 
NA 
NA 
NA 
NA 
NA 

9.3E-1 

2.7E-11 
4.3E-1 
7.9E-11 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.7E-11 

I I X R  Sommation = 2.OE-0! 

I 



Risk Equation 

1R 
FI 
EF 
EDn 
Cf 

Table H.N-65 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: On-Property Farm Resident (Child) 
Via Ingestion of Meat Products 

= CfX EF X ELh X FI X IR 

Ingestion rate of meat 
Fmction ingested fmmcontaminated source 
Eaposure frequency 
Exposure duration 
Concentration of radionuclides in meat 

1.2E-04 
NA 

4.5E-03 
l.OE+rn 
2.1E-06 
1.OE-07 
1.3E-06 
5.48-04 

0.039 kg/day 
0.75 (Unitless) 
350 daystyear 

6 Year 

CDI CSF ILCR 
ladionuclides ( p a )  (pCi)-' (unitless) 

7.4E-03 
NA 

2.7E-01 
6.3E+01 
1.3E-04 
6.3E-06 
8.2E-05 
3.3E-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.8E- 10 
1.4E- 12 
3.6E-11 
1.3E- 12 
1.3E-11 
1.7E- 10 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.8E- 12 

9.9E- 12 
8.1E-11 
1.7E- 15 
1.1E-15 
1.3E- 15 
6.7E- l3 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I ILCR Summation = 9.8E- 11 



IR 
PI 
EF 
EDn 
@ D E  
BW 
ATe 
ATn 
cs 

Table HJV-66 
Summary of Risk Quaditation (chemic&) 

Rcfercncc Reccpor: On-Roperty Farm Rcsidrnt (Child) 
Via Ingestion of Dairy Roduets 

- 
BWXAT 

Ingestion e tc of da iry prodwts 
Fection ingested from contamimtcd sou= 
@xposure frqucney 
Exposure d u e  tion for non-carcinogns 
Exponrrc due tion for Q rcinogcns 
Body weight 
Avcmgc time for carcinogens (liktimc) 
Averagc time for nm-carcinogens (EDn x36S) 
Conccnte tion of chemicals in animal prodrrta 

Compound Conccnba tion 

antimony 
a r d o r -  US4 
a r d o r  - 1260 
arsenic 
beryllium 
bcnm(a)pyrcne 
cadmium 
1,2-dichloroctha ne 
magnesium 
manganese 
mercury 
saw1 

trichlrroctbcnc 
uenium- total 

2.3.7,a - tcdd 

3.4E-04 
2.4E-04 

2.9E-0S 
5.6E-08 
2.2E-04 
2.1E-03 

5.7@+02 
3.0E-04 

1.2E-07 
4.9E-03 

0.9 W y  
0.75 (Unidcn) 
350 &&year 

6 Yar 
6 Yar 

15 kg 
25550 dap 
2190 dap 

I 



Table H.W-66 (eontinmed) 
Summary of Risk Qmanthtion (chemials) 

Bebrenea Receptor: On-Property Faam Resident (Child) 
Via Ingestion of Dairy Prodmcts 

Compound 
antiunnv 

HQCalculaCon 
CDI RID HQ 

[mn/kg-day) [mdk-day) [uutless) 
1.5E-OS 4.OE-04 3.7E-02 

amclor- 1260 
arsenic 
ber)(lium 
benm(a)pyrene 
cadmium 
1.2-dcHomethane . 
magllesium 
mangnese 
mecury 
silver 
2,3,7.8-t~dd 
trichlometbene 
I uranium-total 2.1E-04 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

'NA 
1.2E-06 
2.48-09 
9.38-06 
9.2E-05 

NA 
2.5E+01 
1.3E-05 

NA 
NA 
NA 

5.2E-09 

NA 
NA 

3.OE-04 
5.OE-03 

1 .OE -03 

9.7E+00 
1.4E-01 
3.OE-04 
5.OE-03 

6.OE - 03 
3.OE - 03 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

4.1E-03 
4.8E-07 

9.2E-02 
NA 

NA 
2.5E+Oa 
9.2E-05 

NA 
NA 
NA 

8.6E - 07 
7.1E - 02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1 ILCR Calculation 
I I CDI I CSP I ILCR 
Compound 
antiunnv I 1.3E-06 NA NA 

I (mdkg-dny)l (mrJkg-day)-L I [ uutless; 

amclor- 1254 
amclor- 1260 
arsenic 
beflium 
bem(a)pyreae 
cadmium 
1.2-dcHometkane 
magnesium 
manganese 
mecury 
silver 
2.3,7,8-t~dd 
tricblometkne 
uranium-total 

BE-07 

1E-07 
1E-10 
OE-07 
9E-06 

1E+00 
1E-06 

4E-10 
8E-OS 

7.7E+00 
7.7E+00 
1.8E+00 
4.3E+00 
7.3E+00 

9.1E-02 
NA 

NA 
NA 
NA 
NA 

1.5E+05 
l.lE-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.8E-06 

1.9E-07 
8.8E-10 
5.8E-06 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.9E-12 

I I I I I E R  Somaution = 1.3E-05 



6349 

lisk muation 

IR 
FI 
EF 
EDn 
Q 

Table HIV-67 
Summary of Risk Quadtation (radionuclides) 

Reference Receptor: On-Property Farm Resident (Child) 
Via Ingestion of Dahy Products 

- - Q X E F X  EDn XFIX IR 

Ingestion rate of dairy products 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in animal products 

2.2E-01 
NA 

2.2E+01 
1.2E+a3 
1.7E-a3 
8.6E-05 
4.8E-U3 
1.6E+00 

0.9 Vday 
0.75 (Unitles) 
350 daysbear 

'6 Year 

CDI CSF ILCR 
adionuclides (pc i )  (pci)-' (unitless) 

3.1E+02 
NA 

3.2E+04 
1.7E+06 
2.5E+00 
1.2E-01 
6.8E+00 
2.38+00 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.8E- 10 
1.4E- 12 
3.6E-11 
1.3E- 12 
1.3E-11 
1.7E- 10 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.48-07 

l.lE-06 
2.2E-06 
3.2E- 11 
2.1E-11 
1.lE- 10 
4.7E-08 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.6E-06 - I ILCR Summation - 



IR 
m 
EF 
EDn 
EDC 
BW 
ATc 
ATn 
cs 

Table H N - 6 8  
Summary of Risk Quantilalim (chemic.$) 

R e f a a c e  Receptor: On-Ropcrty Farm Residcnt (Child) 
Via lngation of Vegetables m d  Ruils 

Ingestion ntc of fruits or vcgcs blcr 
Pnctioni~~gertcd from conbmimtcd SOUIEC 

E x p o ~ ~ r ~  duntion for ~ ~ o n - c a r ~ i n o ~ n r  
Exposure frequency 

J?xposure duntion for srcincgcnr 
Body weight 
Average: time forsrcinogens (liktimc) 
Average: time for am-carcinogens (EDn x36S) 
Cooccntra tion of chemicals in vegcb blcr 

- 
BWXAT 

Compoud Cooccntn tion Units 

antimony 6.SE-02 mdlri3 
a rodor- US4 3.1E-04 m 0 . E  
arodor-UbO mdLg 
arsenic l . lB-03 mdlls 
beryllium 6.2E-04 mdlre 
bcnm(a)pyrcne 2.3E-04 mdlrg 
sdmium 4.2E-02 m a g  
1.2-dichloroctbr nc m a g  
magnesium 2.8E+03 m%Lg 
manganese 7.0E-02 mdlrg 
mercury mdlrg 
r i k r  m%Lg 
2.3.1.8 - lcdd mdlrg 
trichloocthcnc 1.2E-03 m%Lg 
un nium - total l . lE-O1 mdlr8 

mdlrg 

0.106 kgday 
0.5 (Unitless) 
350 daydyear 

6 Year 
6 Year 

15 kg 
25540 day3 
2190 day3 

. .’ .. 
br 

, .:. 
-._ .? .  

6 4  
‘C’.. 
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Table H.W-68 (m.ti.~ad) 
Summary of Risk Quantitatioa (chemials) 

Rebreme Receptor: On-Property Farm Resident (Child) 
Via Ingestion of Vegetabbs and Proits 

3 m p u n d  

imdor-1254 
imclor-1260 

n@ium 
tem(a)pyrene 
rdmium 
1.2-dcHometbne 
nagoesium 
nangdnese 
nelrrury 
aver 
!,3,7,8-tdd 
ricblometkne 
iranium-total 

intimny 

I K & C  

HQ Calculation 
CDI RID HQ 

mdkg-day) (mdkg-day) [uuUess) 
2.28-04 4.OE-04 5.5E-01 
l.lE-06 

IA 
2.6E-OS 
2.1E-06 
7.8E-07 
1.4E-04 
IA 
9.6E+00 
2.4E-04 
'A 
'A 
A 
4.lE-06 
3.8E-04 
'A 
'A 
A 
'A 
'A 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 

NA 
.NA 

3.OE-04 
5.OE-03 

1.OE-03 

9.7E+00 
1.4E-01 
3.OE-04 
5.OE-03 

6.OE-03 
3.OE-03 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

8.78-02 
4.28-04 

1.4E-01 

9.9E-01 
1.7E-03 

NA 

NA 

NA 
NA 
NA 

6.8E-04 
1.3E-01 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3Q Snmmation = 1.9E+00 

r ILCR Calculation 
I CDI I ILCR 

imclor-1260 
arsenic 
Yeflium 
yem(a)pyrene 
idmium 
1.2-dcHomethane 
magoes um 
manganese 
mercury 
iilver 
1.3.7.8-t~dd 
tricblometkne 
uranium-total 

7.7E+00 
7.7E+00 
1.8E+00 
4.3E+00 
7.3E+00 

NA 

NA 
NA 
NA 
NA 

9.1E-02 

1.5E+05 
l.lE-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.OE-07 

3.9E-06 
7.7E-07 
4.9E - 07 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.8E-09 

I ILCR Snmmation = 5.9E-06 

I 



Risk Equation 

IR 
FI 
EF 
EDn 
cv 

Table EN-69 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: On- Property Farm Resident (Child) 
Via Ingestion of Vegetables and Fruits 

Cv X EF X EDn X FI X IR - - 

Ingestion rate of fruits or vegetables 
Fraction ingested fromcontaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in vegetables 

5.8E+00 
NA 

3.OE+02 
2.5E+U3 
5.5E-01 
2.7E-02 
6.5E-01 
3.8E+01 

0.106 kg/day 
0.5 (Unitless) 
350 dayshear 

6 Year 

CDI CSF ILCR 
ladionuclides ( p a )  (pCi1-l (unitless) 

6.4E+02 
NA 

3.3E+04 
2.8E+M 
6.1E+01 
3.0E+00 
7.2E+01 
4.3E+m 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.88- 10 
1.4E- 12 
3.6E- 11 
1.3E- 12 
1.3E- 11 
1.7E- 10 
1.6E- 11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.OE-07 

1.2E-06 
3.6E-07 
7.9E- 10 
5.1E- 10 
1.2E-09 
8.5E-08 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.1E-06 - I ILCR Summation - 
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Table KIV-70 

Summary of Risk Quantitation (radionuclides) . 
Reference Receptor: On-Property Farm Resident (Child) 

Via External Radiation 

lose Equivalency Equat: = [DRXEFXEDnXETX(I-SH;)] +[DRXEFXEDnX ET,X(I-SH,)] 

EF 
ED Exposure duration 
mi 
ET, 
SH; 
SH, 

Fraction of year spent exposured 

Fraction of day spent indoors 
Fraction of day spent outdoors 
Shield factor indoors 
Shield factor outdoors 

DR Radionuclide specific dose concentrations 

3.84E-01 pWg 

1.19E-01 pWg 
2.50E-01 pWg 
6.45E-01 pWg 
3.17E-02 pWg 

NA P a 3  

NA P W g  

NA PW!3 
NA PWl3 

2.77E+00 p Wg 

0.96 (unitless) 
6 Year 

0.92 (unitless) 
0.08 (unitless) 

0.5 (unitless) 
(uni tless) 
(see table below) 

NA PWg 
NA PWf.3 
NA PWi3 
NA P a 3  
NA P a 3  
NA P a l 3  
NA P a l 3  
NA P a 3  
NA PWg 
NA PWt3 

CDI CSF ILCR 
tadionuclides (year pCilg) (g/pCi-year)-' (unitless) 

1.2E+00 
NA 

3.7E-01 
7.8E-01 

9.9E-02 
2.OE+a) 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

8.6E+00 

6.OE-06 
1.2E-09 

6.OE- l3 
5.4E- 11 
8.5E-06 
2.4E-07 
5.1E-OB 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.2E-06 
NA 

4.7E- l3 
1.1E-10 
8.4E-07 

4.48-07 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I ILCR Summation - - 8.4E-06 



IR 
PI 
EP 
EDn 
EDc 
BW 
ATc 
ATn 
cs 

Table KIV -71 
Summary of rirk Quantitiion (chemic&) 

Refesrnce Recepor: Milt and Meat Consumes 
Via Ingestion of Mest Produds 

Ingestion rate of meat 
Fnctioo ingested ban contaminated sourcc 
Exposure bequeng 
Exposure dumtion for non-farchopns 
exposure duntion for arcinogens 
Body weight 

A v e n g  time for ~ O I I - ~ ~ C ~ I I O ~ C ~ S  (ED0 x365) 
Concentration of chemicals in meat 

A W Q ~  h C  fOIQIChgCOS @ k f h C )  

- 
BWXAT 

Compoud Concentntion Uniu 

antimony 3.4E-06 mWke 
a r d o r -  I254 7.5E-07 m O 8  
arodor-KbO mWk8 
arsenic 9 . 6 8 4 7  m O 8  
beryllium 6.2q-08 m O 8  
benm(a)pyrcne 6.8E-07 mWks 
cadmium 1.2E-06 m O E  
1.2-didorocthane mWk8 

mangdnesc 2.98-07 mWk.3 
mercury m o l !  
d v c r  mg/lr8 
2,3.7,8-lcdd mOi3  
tricblaocthene 3.8E- 10 m O 8  
umnium- total 1.6E-06 m O g  

m O g  

magnesium 7.1E-01 

0.1 kg&y 
0.75 (Unitleu) 
350 &wear 
70 Year 
70 Year 
70 kg 

25550 days 
25550 days 



Table H-IV-71 (corntinuad) 

bmpound 
d m o n y  

Summary of Risk Qoantitrtiorn (demials)  
Reference Receptor: Milk arnd M a t  Consumer 

Via Ingestion of Meat P d m c t s  

HQCalculation 
CDI RID HQ 

(mdkg-day) [mg/lrg-day) [umdess: 
3.SE-09 4.OE-04 8.78-06 

imc~or - 1254 
imclor - 1260 
IrSeniC 
beqllium 
benzo(a)mene 
rdmium 
..2-deYoloetbane 
oagnesi um 
manganese 
o e m q  
aver 
!,3,1,8 - tcdd 
ricblometkne 
iranium-total 

7E-10 

9E-10 
4E-11 
OE-10 
2E-09 

3E-04 
9E-10 

9E-13 
7E-09 

NA 
NA 

3.OE-04 
S.OE-03 

1 .OE - 03 

9.7E+00 
1.4E-01 
3.OE-04 
5.OE-03 

6.OE - 03 
3.OE-03 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

3.38-06 
1 . 3 ~  -08 

NA 

NA 
1.2E-06 

7.58-05 
2.1E-09 

NA 
NA 
NA 

6.SE-11 
5.6E-07 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I HQ Sumnution = 8.98-05 

I ILCR Calculation 
I I CDI I CSP I ILCR 
Compound 
antimony I 3.95-09 NA NA 

I Implk-day)l [mdlrg-day)-' I (uutless 

amc~or -1254 
amclor- 1260 
arsenic 
beqllium 
beluo(a)pyrene 
cadmium 
1,2-dcHometbane 
magnes um 
manganese 
mercury 
silver 

tricblometkne 
uranium-total 

2.3.7.8-t~dd 

7.7E+00 
7.7E+00 
1.8E+00 
4.3E+00 
7.3E+00 

9.lE-02 
NA 

NA 
NA 
NA 
NA 

1 .SE + OS 
1.1E-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.9E-0( 

1.7E-OS 
2.7E-1( 
S.1E-OS 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.3E-l! 

I 

[ILCR Summation = 1.3E-08 



i sk  Equation 

IR 
FI 
J 3  
EDn 
Cf 

Table XIV-72 
Summary of Risk Quantitation (radionuclides) 
Reference Receptor: Milk and Meat Consumer 

Via Ingestion of Meat Prodncts 

CfX EFX EDn X FI X IR - - 

Ingestion rate of meat 
FmctPn ingested fromcontaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in meat 

R%+Sd 1.2E-04 
NA 

4.5E-03 
T% 1.OE+00 

2.1E-06 
1 .OE- 07 

urn, 1.3E-06 
ups+2d 5.4E-04 

R%.2 
SrSW+ki 

% 
%+lLkI 

0.1 kg/day 
0.75 (Unitlen) 
350 dayslyear 
70 Year 

CDI CSF ILCR 
Radionuclides ( p a )  (pa)- '  (unitless) 

%?6+Sd 2.2E-01 7.8E- 10 1.7E- 10 
hzn NA 1.4E- 12 NA 

3.6E-11 3.OE- 10 SrSW+,d 8.2E+00 
Tc, 1.9E+03 1.3E- 12 2.4E-09 

3.9E-03 1.3E-11 5.OE- 14 
1.9E-04 1.7E- 10 3.2E- 14 
2.4E-03 1.6E-11 3.9E- 14 

ups+2d l.OE+a) 2.0E- 11 2.0E- 11 

Th, 
%+lOd 
"md3a 

NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 

2.9E-09 - I ILCR Summation - 



IR 
FI 
EP 
ED0 
EDC 
Bw 
ATe 
AT0 
cs 

Table IISV-73 
Summary of risk Quantitaion (chemic&) 

Reference Rceeplor: Milk and Meat Consumer 
Via Iogcstion of Dairy Roduda 

Ingestion m t e  of dairy prodlrtr 
Fraction ingested tam conlaminated source 
Exposure kequeng 
Erporurc dum tion for n~n-carcinognr 
Exposure dunlion for carcinogens 
Bodyweight ' 

Avcmg; time for carcinogens (Iilctime) 
Averag; time for om-archogear (ED0 x365) 
Co~ccnua tion of chemicals in a aha1 produ~tr 

liom 

Compound Conccntmtion Units 

antimony 
arodor-l254 
arndor-U6O 
arsenic 
beryllium 
benm(a)pymc 
cadmium 
1,Z-diddoroetlsnc 
magnesium 
mangilnerc 
mercury 
sil*r 
2,3.7,6 - tcdd 
trichlaocthcnc 
um nium - total 

3.4E-04 
2.4E-04 

2.9B-05 
5.6E-06 
2.2E-04 
2.1E-03 

5.7E+02 
3.0E-04 

1.2E-07 
4.9E-03 

0.4 W a y  
0.75 (Unitless) 
340 Lydyear 

70 Year 
70 Year 
70 kg 

25540 days 
25540 days 

Compouad Concentration Units 



Table H.IV-73 (amtinad) 
Summary of Risk Quanthtiom (chemials) 

Reference Receptor: Milk and Meat Consnmer 
Via Impstion of Dairy Prodacts 

:ompound 
intimny 

1 HQ Calculation 
I I CDI 1 RfD I HQ 

ILCR Calculation 
CDI CSP ILCR 

[mp/kg-day) [mpjkg-day)-' (uaidess) 
1.4E-06 NA NA 

Compound 
antimony 
amclor- 1254 
amclor-1260 
arsenic 
b e g i u m  
bew(a)pyrene 
cadmium 
1,2-dcHotoetbane 
magnesium 
manganese 
mercury 
silver 
2.3.7.8 - tcdd 
trichloroetkne 
uranium-total 

[mpjkg-day) Ilmpjk-day) I [uritless) 
1.4E-06 4.OE-04 3.5E-03 
9.7E-07 NA NA 

NA NA NA ' 

1.2E-07 3.OE-04 3.9E-04 
2.3E-10 5.OE-03 4.68-08 
8.88-07 NA NA 

NA NA NA 
8.78-06 1.OE-03 8.78-03 

2.3E+00 9.7E+00 2.4E-01 
1.2E-06 1.4E-01 8.8E-06 

NA 3.OE-04 NA 
NA S.OE-03 NA 
NA NA NA 

4.9E-10 6.OE-03 8.28-08 
2.OE-OS 3.OE-03 6.78-03 

NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 

HQ Summation = 2.6E-01 

imc~or - 1254 
imclor-1260 
inenic 
, e g i u m  
i e w ( a ) w e n e  
idmium 
~,2-dcliometbne 
nagaesum 
nanganese 
nercury 
iilver 
1.3.7.8-tcdd 
lnchlomethene 
rranium - to tal 

7.7E+ 00 
7.7E+00 
l.8E+00 
4.3E+00 
7.3E+00 

9.1E-02 
NA 

NA 
NA 
NA 
NA 

1.5E+ 05 
1.1E-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.5E-06 

2.1 E - 07 
9.8E-10 
6.58-06 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

5.4E-12 

NA 0 

I ILCR Summahion = 1.4E - 05 



isk Equation 

IR 
FI 
EF 
EDn 
Cp 

Table I€N-74 
Summary of Risk Quantitation (radionuclides) 
Reference Remptor: Milk and Meat Consumer 

Via Ingestion of Dairy Products . 

Cp X EF X EDn X FIX IR - - 

Ingestion rate of dairy prducti 
Fraction ingested fmmcontaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in animal products 

R%26+Rd 2.2E-01 
~ 2 2 2  NA 
S'SO+ld 2.2E+01 
T% 1.2E+U3 

1.7E-U3 
8.6E-M 

~nSns4  4.8E-(3 

w w  
'Ihuo+lOd 
u?28+2d 1.6E+00 

0.4 Vday 
0.75 (Unitlea) 
350 dayslyear 
70 Year 

CDI CSF ILCR 
.adionuclides [VCI) [pCi)-' (unit less) 

1.6E+03 
NA 

1.6E+05 
8.8E+06 
1.3E+01 

3.5E+01 
1.2E+04 

6.3E-01 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA . 

1.8E- 10 
1.4E- 12 
3.6E-11 
1.3E- 12 
1.3E-11 
1.7E- 10 
1.6E- 11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.2E-06 
NA 

5.98-06 
1.lE-05 
1.7E- 10 
1.1E-10 
5.6E- 10 
2.48-07 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I ILCR Summation = 1.9E-05 

... 



P 

IR 
EP 
ED0 
EDC 
BW 
ATc 
ATn 
cs 

lnbahtionrak d @sea (RAGS, 1989) 

Exposure dum tion for non-carcinogns 

Body weight 
Averap time for carcinogens (littime) 
Averag time for om-carcinogens (ED0 x365) 
Conccotm tion of chemicals in roil 

E x p u r e  frcqueng 

expolure dum tion for carcinqgcns 

Table € I N - 7 5  
Summary of Rkk Quantitaion (&emic.$) 

Refacnce Receptor: Commacid/Industrul &a 
Via Inhalation of Puticuhtcs 

- 
BWXAT 

Compound Concentration Units 

antimony 
a r d o r -  E54 
ard01-U60 
arsenic 
bcryilium 
benzo(a)pyrrnc 
cadmium 
1.2-dichloroctha 
magnesium 
mangnese 
merculy 
silwr 
2,3,7.8-cfdd 
trichlaocthcne 
umnium-t&l 

I ne 

1.6E-11 

9.OE-11 
1.48-11 
1 .w-11  
1.6E-11 

7.7E-07 

4.4E-13 
8.9E-09 

20 m%ay 
250 dawcar 
25 Year 
25 Year 
70 kg 

25550 dap 
9u5 dap 

(see table M o w )  

I 



Table H.N-75 (contimud) 
Snnrmary of Risk Quamtitation (bemials) 

Rebrena, Receptor: Commeraal/hdmstda~ User 
Via Inhalation of Partiialabs 

Compound 

I HQCalculation 
I I CDI I RfD I HO CDI CSF ILCR 

[mdkg-day) Imdkg-day)-' [udtless Compound 
antimonv INA NA NA 

I (rndkg-day) I [rndkg-day) I (unitless 

3.1E-12 

1.8E-11 
2.7E-12 
2.2E-12 
3.1E-12 

1.5E-07 

NA 

NA 

NA 
NA 
NA 
NA 

8.6E-14 

aroc~or -1254 
aloclor-1260 
arsenic 
beflium 
benm(a)pyrene 
cadmium 
1,2-bcHoroetlBne 
magnesium 
manganese 
mercury 
silver 
2.3.7,B-lcdd 
trichloroetkne 

I uranium-total 2E-10 

l.lE-12 

6.3E-12 
9.88-13 
7.88-13 
l.lE-12 

5.4E-08 

NA 

NA 

NA 
NA 
NA 
NA 

3.1E-14 I uranium-total 

I H a u r d  Quotient Sum = 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.9E-03 

1.4E-OS 
8.6E-OS 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA . 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I antimony F A  
aroclor-1254 
aroclor-1260 
arsenic 
beqllium 
benm(a)pyrene 
cadmium 
1,2-dcHometlBne 
magnesium 
manganese 
melcury 
silver 

trichlmetkne 
2.3.7.8-tcdd 

I 
I ILCR Summation = l.lE-10 

NA 
NA 
NA 

1.5E+O1 
8.4E+00 
6.1E+00 
6.3E+00 
9.1E-02 

NA 
NA 
NA 
NA 

1 .SE+ OS 
6.OE-03 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

9.4E-11 
8.2E-1; 
4.7E-1; 
7.OE-1; 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.9E-16 



Risk Equation 

IR 
EF 
EDn 
ca 

Table EIV-76 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: Commercial/Industrial User 
Via Inhalation of Gases and Particulates 

- - CaX EFX EDn X IR 

Inhalation rate of gases (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in air 

1.4E-07 p W d  
1.8E+00 p W d  
4.8E-OB p W d  
1.4E-07 p W d  
4.28-07 p W d  
4.OE-09 p W d  

3.OE-06 pWn? 
P W d  

P W d  
P a d  

20 rn3/day 

25 Year 
233 &Fryear 

(see table --.nu) 

CDI CSF ILCR 
Radionuclides (PO’) (PO)-’ (unitless) 
I 

1.8E-02 

6.OE-@3 
1.7E-02 
5.3E-02 
5.OE-04 

3.7E-01- 

2.3E+05 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.OE-09 
7.3E- 13 
6.2E- 11 
8.3E- 12 
2.98-08 
l.lE-07 
2.5E-08 
2.4E-OB 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.2E- 10 
1.7E- 07 
3.7E- 13 
1.4E- 13 
1.5E-09 
5.5E-11 

8.98-09 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1 
ME-07 - I ILCR Summation - 



Table LI.IV-?7 
Summary of Risk Quaditatim (chemicals) 

Reference Receplor: Commacial/Industrid User 
Via Incidental Ingestion of Soil 

- 
BWXAT 

P 

IRs 
C P  
EP 
ED0 
EDC 
Bw 
ATc 
ATn 
cs 

Ingestion rate of roil (RAGS, 1989) 
Conversion factor 
Exposure flqucncy 
Exposure dun tion for 000-carcioognr 
Exposure dun tion for Q rcingenr 
Body weight 
Averagc time for Qrcimgcnr @&time) 
Averagc time for nm-c+rcimgcnr (EDn x36S) 
Concentm tion of chemicals in roil 

100 m@y 

240 daydycar 
1.0E-06 kg/mg 

2 s  Year 
25 Year 
70 kg 

2ss40 LyI 
9 n s  days 

(SCC table below) 

Compound Concenhation Units 

antimony 
ardor-  US4 
a r d o r -  I260 
arsenic 
beryllium 
beniu(a)pyrcnc 
sdmium 
1.2-didorocth1 
magnesium 
manganese 
mercury 
SilKl 
2.3.1.8- lcdd 
lrichloocthcnc 

. uranium-tog1 

3.2E-01 
2.58-02 

1.9E-01 
6 . 2 8 4 2  
2.0E-02 
7.6B-02 

2 . 8 8 4 3  

7.6E-04 
8 . 3 8 4 0  

1 ne 



Somnrry of Risk Q m n t h t i o n  (ck&ieds) 
Reference  R e o  

Via  In 
HQ Calcula im 

I CDI I HQ 
bmpound 
udimony 
KOC~CS - 1254 
lrocla - 1260 
irsenic 
myllium 
,emo(a)pyrene 
:admiurn 
I.2-dichluod hane 
nagnesium 
nanganese 
nacury 
,ika 

richluoethene 
iranium-total 

!.3,7.8 -t cdd 

1 1  (unkless) 
7.9E-04 

NA 
NA 

6.38-04 
1.2E -05 

NA 

NA 
7.4E-05 

2.8E-04 

NA 
1.2E-07 
2.7E-03 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1 I HQ Summaion = 4.5E-03 

tor: ComrncrciaVIndustriaI User  
l en ta l  Ingestion of Soil  

I 
I CDI 

:ompound 
mtimony 
uocla - US4 

lrsenic 
iayllium 
iemo(a)pyrene 
admium 
12-dichluod hane 
napesium 
manganae 

i ika 

richluoethene 
ranium-total 

U O C ~  - 1260 

Bl6CUly  

1.3.7.8-t~dd 

.CR Calculation 
CSF I ILCR 

[ m d g - d  
NA 
7.7E+00 
7.7E+00 
1.8E+00 
4.3E+00 
7.3E+00 
NA 

NA 
NA 
NA 
NA 

9.1E-02 

l.!E+OS 
l.lE-02 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1-1 I (unklew) 
6.6E-08 

NA 
1.2E-07 
9.3E-08 
5.1E-08 

NA 

NA 
NA 
NA 
NA 

2.9E- 12 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

DLCR Summation = 3.3E-07 



Table H.IV-78 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: Commercial/Industrial User 
Via Incidental Ingestion of Soil 

Risk Equation 

IRS 
EF 
EDn 
FI 
cs 

CS X EFX EDn X FI XIR - - 

Ingestion rate of soil (RAGS, 1989) 
EKposure frequency 
Qosure  Duration 
Fractional Intake 
Concentration of radionuclides in soil 

R%26+Rd 3.84E-04 
Rnz22 
S'90+ld 
Tc99 
-0 
- 4 3 Z + l O d  
u23sf.236 

1.19E - 04 
25OE-04 
6.4SE-04 
3.17E-05 

'23R+Zd 2.77E-03 

pCi/mg 
pCi/mg 
pCimg 
pCi/mg 
Pcihng 
pCimg 
pCi/mg 
Pcihng 
pCimg 
pCi/mg 

100 mg/day 
250 daysbear 
25 Year 
1 (unitless) 

pCi/mg 
pCi/mg 
pCimg 
pCi/mg 
pCi/mg 
pCihng 
pCihng 
pCimg 
pCi/mg 
pCi/mg 

CDI CSF ILCR 
iadionuclides (pCi) (pCil-1 (uni tless) 

R%26+ Rd 240E+02 7.80E- 10 1.87E-07 
%22 NA 1.4OE- 12 NA 
S'90+ld 7.44E+01 3.6OE- 11 2.68E-09 
Tc99 1.56E+02 1.3OE- 12 203E- 10 

4.03E+02 l..WE-ll 5.24E-09 
1.98E+O1 1.70E- 10 3.37E-09 

%O 
%Z+lOd 

'23R+2d 1.73E+03 200E-11 3.46E-08 
uz3sf.236 NA 1.6OE-11 NA 

NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 

2.33E-07 - I ILCR Summation - 

- 

,... 

. 



SA 
AP 
ABS 
C P  
EP 
EDn 
E D C  
BW 
ATc 
ATn 
cs 

P 

Table ILIV -79 
Summary of  Risk Quaatitation (chemic&) 

Refcrence Rcceplor: Commcrc*l/Industrul &a 
Via Dermal Coatad wailh Soil 

XCF 
BWXAT 

Surhccarea of exposed skin (SOtb percentile. handr ody) 
S d  to r b a d h c r e n e  bctor (RAGS 1989) 
chemtalr specificabsorbtion factor (see table klow) 
Conversion factor 
Exposurc frequcny 

Exposure dun ti00 for srcinogcns 
@XPOSUIC dun tion for O O O - ~ I C ~ ~ O ~ O S  

Body weight 
Averag Iimc for GI rcinogcns (liktimc) 
Aveeg Iimc forum-srcioogcns (EDn x365) 
Coaccntration of chemicals in soil 

antimony 
a r d o r -  1254 
a r d o r -  I260 
a ncnic 
beryllium 
bcnao(a)pyrcnc 
sdmium 
1.2-diddoroctle ne 
magncshm 
mangncre 
mcrculy 
r8wr 

trichlarocthene 
unnium-total 

2.3.7.a -tcdd 

Compouad ABS Comnhat i  Units 

I.00E-02 
6.OOE-02 
6.00E-02 
1.00E -03 
1.00E-02 
3 .WE -01 
1.00E-02 
3 .WE -01 
1.00E-02 
1.00E-02 
5.WE-02 
1.00E-02 
3.00E-02 
3.00E-01 
1.00E-02 

NA 

3.23E-01 
2.468-02 

1.92E-01 
6.18E-02 
2.00E-02 
7.59E-02 

2.82E + 03 

7SE-04 
8.30@+00 



Table H.W-79 (corntinuad> 

Compound 
antimony 

Summary of Risk Qpamti'htiom (ch&ials) 
Reference Receptor: ConoerdaVI.dustria1 User 

HQ Calculation 
CDI RfD HQ 

(rndkx-day) [mglk-day) [unitless 
1.82E-07 6.00E-05 3.03E-0 

amclor-1254 
amdor-1260 
arsenic 
beNium 
bem(a)pyrem 
cadmium 
1.2-dcliomethane 
m a g d u r n  
manganese 
mercury 
silver 
2,3,7.8-lcdd 
trichlomethene 
uranium- total 

NA 
NA 
2.8SE-04 
S.OOE;03 

5.00E-02 

4.8SE-01 
4.20E - 03 
4.50E - OS 

NA 

NA 

NA 
NA 
5.88E-03 
1.5OE -04 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
3.798-0 
6.95e-0 

8.54E-0 

3.278-0 

NA 

NA 

NA 
NA 
2.17E-01 
3.11E-0: 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I I 
I HQ Summation = 3.838-0: 

D~rmal Corntactwith Soil 
I ILCR Calculation 
I CDI I CSP I ILCR 

NA 
amclor-1254 
amdor-1260 
arsenic 
berJUium 
benm(a)pyrene 
cadmium 
1,2-bcHometbane 
magma um 
manganese 
mercury 
silver 

Inchlometkne 
uranium-total 

2.3.7.8-I~dd 

1.03E+01 
1.03E+01 
1.84E+00 
4.30E+00 
NA 
NA 

NA 
NA 
NA 
NA 
3.00E+05 
l.12E-02 

1.01E-01 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.04E-0 

7.11E-0! 
5.34E-01 

NA 

NA 

NA 
NA 
NA 
NA 
5.1 1E- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 
I ILCR Summation = 3.65E - 07 

I 



Table HlV-80 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: C.ommercid/Industrial User 
Via External Radiation 

Dose EquivalencyEquat: = [DRXEFXEDnX ETiX(l-sH;)] +(DRXEFXEDnX EToX(l-SHo)J 

EF 
ED Exposure duration 

Fraction of year spent exposured 

Fraction of day spent indoors 
Fraction of day spent outdoors 
Shield factor indoors 
Shield factor outdoors 
Radionuclide specific dose concentrations 

mi 
nb 
SH; 
SHO 
DR 

3.84E-01 pWg 

1.19E-01 pWg 
2.50E-01 pWg 
6.45E-01 pWg 
3.17E-02 pWg 

NA P a 3  

NA P W  

NA PW8 
NA P a l ?  

2.77E+OO p Wg 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.68 (unitless) . 
25 Year 
0.8 (unitkss) 
0.2 (unitless) 
0.5 (unitless) 

(uni tless) 
(see table below) 

hdionuclides (year pCi/g) (unitless) 

3.9E+00 

1.2E+00 
2.6E+00 
6.6E+00 
3.2E-01 

2.8E+01 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.OE-06 
1.2E-09 

6.OE- l3 
5.4E- 11 
8.5E-06 
2.4E-07 
5.1E-08 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.4E-05 
NA 

1.5E- 12 
3.6E- 10 
2.7E-06 

1.4E-06 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.8E-05 - I ILCR Summation - 



IR 
ET 
EP 
ED 
BWa 
AT 
A B  
cs 

Table RJV-81 
Summary of Intake Quanth!ion (chemic&) 

Reference Reeeptor: Developed Park Usa 
Via Inhalation of Particulattcs 

P - 
BWXAT 

Inbh  tion rate d pscs 
Exposure time 
Exporure bcqucnq 
exporurc duo tion 
Body wight  (adult) 
A v c n g  time for srchogcns 
A v c n g  time for om-archogens (adult) 
Conccntra tion of chemicals in prticuhte as modeled 

5 l l u  

0.83 
4 

64 
6 

1s 
2 5 5 9  
2 190 

CSV 

Compound Conccnbatioa Units 

antimony mum3 
a r d o r -  US4 1.6E-I1 mum3 
a rodor - lZ6O mum3 
ancnic 9.OE-I1 m g d  
bcryilium 1.4B-11 mum3 
knzo(a)pyrcnc 1.m-11 mum3 
s d m i u m  1.6E-ll mum3 
1.2-diddorochoe mg/m3 
magncrhm 7.7B-07 mum3 
manpncrc mum3 
mercury mum3 
d\cr  mum3 
2,3,7.8-tcdd mum3 
trichlmocthcnc 4.4E-13 mum3 
usnium- total 8.98-09 mum3 

mum3 

ypllrh 

0.83 
4 

104 
u 
43 

2 5 5 9  
4380 

a v  

aadl 

0.83 
4 

40 
38 
70 

25550 
U870 

CSV 

rcnoir 
dd.t 

0.83 mhouI 
2 hour/day 

40 damcar 
14 yen 
70 kg 

2ssY) days 
5110 days 

CSV 

W 



Table H.IV - 81 (mmtimaed) 
Summary of R i a  Qurnfiation (chenials) 
Rebreace Receptor: Developed PI& User 

Via Inhaktiom of Part ia l r~es  

Compound 

HQ Calculation 
CDI Rf? HQ 

(mdkg-day) (mdkg-day) (udtlessl 
I antimony NA NA 
amclor -1254 
amclor- 1260 
arseuic 
beqllium 
benzo(a)pyrene 
cadmium 
1,2-dcHomethne 
magnesium 
manganese 
mercury 
silver 
2,3,7,8-tedd 
tncblometkne 
uranium-total 

6E-13 

4E- 13 
5E-13 
2E-13 
7E-13 

OE-09 

6E-15 
3E-11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.9E-03 

1.4E-05 
8.6E-05 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I HQ Summation = I 

I ILCR Calculation 
I CDI I ILCR 

anhmny INA 
amctor-1254 
amclor- 1260 
arseuic 
beqllium 
bew(a)pyrene 
cadmium 
1.2-dctlomethne 
magnesium 
manganese 
mercury 
silver 
2,3,7,8 -tcdd 
tncblometkne ' 

uranium-total 

6E-13 

4E-13 
5E-13 
2E-13 
7E-13 

OE-09 

6E-15 
3E-11 

NA 
NA 
NA 

1.5E+O1 
8.4E+00 
6.1E+00 
6.3E+00 
9.lE-02 

NA 
NA 
NA 
NA 

1.5E+O.5 
6.OE-03 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

1.4E-11 
1.2E-12 
7.1E-13 
1.1E-12 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.88-17 

I I ILCR Sumnution = 1.7E - 11 



6 3 4 9  

[ntake Equation 

Summary of Intake and Risk Quantitation (radionuclides) 
Reference Receptor: Developed Park User 

Via Inhalation of Gases and Particulates 

= C A X E F X E D X I R X E T  

IR Inhalation rate of gases 
ED Bposure duration 
ET Exposure time 
EF Exposure frequency 
CA Concentration of radionuclides in air 

% 2 a + ~  1.4E-07 
R322 1 XE+OO 

Tc99 1.4E-07 
4.2E-07 

%+ld 4XE-08 

4DE-09 

UZW+2d 3.OE-06 

?h, 
%2+lOd 
u Z % m  

pcim’ 
pcim’ 
pcim’ 
pcim’ 
pcim’ 
pcim’ 
pcim’ 
pcim’ 
pcirn’ 
pciim’ 

myoutha  

OX3 OX3 083 
6 12 38 
4 4 4 

64 104 40 
CSV CSV csv 

pcim’ 
pcim’ 
pcim’ 
pcim’ 
pcim’ 
pcim’ 
pCim’ 
pcim’ 
pcim’ 
pcim’ 

senoir 
adult - 
OX3 m’hour 

14 years 
2 hour/day 

40 dayshar 
csv 

1.6E-03 
2.1E+04 
55E-04 
16E-03 
4XE-03 
46E-05 

NA , 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.4E-02 

7.OE-09 
73E- 13 
6.2E- 11 
83E- 12 
29E-08 
l . lE-07 
25E-08 
2.4E-08 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.lE-11 
15E-08 
3.48-14 
13E-14 
1.4E-10 
5.OE-12 

8.1E-10 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 
1.6E-08 - I ILCR Summation - 

: .. 



InbL EamCon 

IR 
EF 
ED 
CF 
AT 
AT 
BW 
cs 

= CSXEFXEDXCFXIR 
BW X AT 

In@stion nte d soil 

Expslre duration 
Conwrsion factor 
A w n p  th forcarcinoFns 
A w n p  tirtP for non-carcinoFns 
Body weight 
Conaentntion of c k m i d s  in soil 

Exposlre h - v  

CkmialCaxentrrConr 

Table 1I.W-83 
Summary of Intake Quantitation (ckmkak) 

Reference Receptcr: Developed Park Uscr 
Via Incidental Ingestion of SoiVSedimcnt 

Compound Concrentration Units 

3.Z-01 
2s-02 

1.9E-01 
6.E-02 
2oE-02 
7.6E-02 

28E+(a 

7.6E-OP 
8.3E+00 

References 

- child 

50 
64 
6 

lE -06 
25550 
2190 
Is 

C N  

a 
25 
UM 
12 

lE -06 
25550 
4380 

43 
csv 

25 
40 
38 

lE-06 
25550 
m'x) 

'x) 
esv 

senoir 
adult - 

13 m&wY 
40 & e a r  
14 )ear 

lE-06 Wmg 

5110 day 
25550 day 

mDLg 
C N  



T a b l e  H.IV-83 (cont inued)  
Summary of Risk Qu8ntit8tion (ehemie8ls) 
R e f e r e n c e  Receptor :  Developed  Bark User 
V i a  Inc identa l  Ingest ion o f  SoiVSediment  

86E-07 NA 
L A  NA 

I uranium-total 
NA 

I uranium-total k 6 E - 0 7  3.OE-03 
NA 

I HQ Calculit ion 
I 1 CDI I RfD I HQ 

I HQ Summlioa = 4.8E-04 

Compound I (mag-day)  I (mag-day)  I (uni t la)  
antimonv I 3.4E-08 4.E-04 8.4E-05 

1 I ILCR Summation = 9.7E-08 

arocla - 1254 
~ o ~ l a  - 1260 
arsenic 
beryllium 
bemo(a)pyrene 
cadmium 
12-dichlaoti hane 
m a p s i u m  
manganse 
mercury 
silver 

trichluoelhene 
2.57.8 -t cdd 

NA 
NA 

3.OE-04 
5.OE - 03 

1.E-03 

9.7E+00 
1.4E-01 
3.OE-04 
5.OE-03 

NA 

NA 

NA 
6.E-03 

NA 
NA 

6.6E-05 
1.3E-06 

NA 

NA 

NA 
NA 
NA 
NA 

7.9E-06 

3.0E - 05 

1.3E-08 

I ILCR Calculation 
I I CDI I CSF 1 ILCR 
Compound I (mag-day)l (mag-day)-l I (unlless) 
ant imonv I 3.4E-08 NA NA 
arocla - 1254 
arocla - 1260 
arsenic 
b a y h ~ m  

cadmium 
1.2-dichlaoti hane 
mapmiurn 
manganse 
macury 
silva 

trichluoethene 

benzo(a)pyrf=e 

2.3.7.8 -tcdd 

2.6E-09 

2.OE-08 
6.4E-09 
2.1E-09 
7.9E-09 

2.9E-04 

7.8E-11 

7.7E+00 
7.7E+Oo 
1.8E+00 
4.3E+00 
7.3E+00 

NA 

NA 
NA 
NA 
NA 

9.lE-02 

l .E+05 
1.lE-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.OE-08 

3.E-08 
2.8E-08 
1.E-08 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

8.6E-13 

I 



Table H.IV-84 
Summary of  Intake and Risk Quantitation (radionuclides) 

Reference Receptor: Developed Park User 
Via Incidental Ingestion of Soil/Sediment 

Makc  m u a t i o n  = C S X F F X E D X F I X J R  

IR Ingestion rate of soil 
EF Exposure frequency 
ED Exposure duration 
FI Fractional Intake 
cs Concentration of chemicals in soil 

senoir 
- child yourh adult 

50 25 25 13 mg/day 
64 104 40 40 d a M a r  
6 12 38 14 year 
1 1 1 1 (unitless) 

csv csv csv csv 

3.8E-04 pCimg 
pCi/mg 

1.2E-04 pCimg 
2%-04 pCimg 
6.5E-04 pCimg 
3.2E-05 pCimg 

pCimg 
2.8E-03 pCimg 

pCimg 
pCi/mg 

pCimg 
pCimg 
pCimg 
pCimg 
pCimg 
pCimg 
pciimg 
pCimg 
pCi/mg 
pciimg 

CDI CSF ILCR 
!adionuclides (pCi) (pCi1-l (unitless) 

3.7E-05 

1.1E-05 
2.48-05 
6.2E-05 
3.OE-06 

2.7E-04 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.8E- 10 
1.4E- 12 
3.6E-11 
1.3E- 12 
1.3E- 11 
1.7E- 10 
1.6E- 11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.9E- 14 
NA 

4.1E-16 
3.1E- 17 

5.2E- 16 

5.3E- 15 

8 . 0 ~ -  16 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.6E- 14 - I ILCR Summation - 



JnbkcEantim 

SA 
AF 
EF 
ED 
CF 
B W  
A T  
A T  
ABS 
cs 

Table H.IV -85 
Summary of Intake QaantimCoa (chsmiula) 

Reference Recepbr: Deueloped Park User 
Via Dermal Contactwith SoiVSedinreat 

= CS X EF XED X CF X ABS X AP X SA 
BW X AT 

Surfaceareaofeaposed skin 
Absorbtion facbr 

Exposlredudon 
Cbnverion factor 

Avenge time br cardnogens 
Avenge time br Don-carcinogens 
Absorbtion facbr 
Cbncentraion ofchenicdsin soil 

-re mumey 

Bodywdgbt 

- d d d  

2000 

64 
6 

E-06 
15 

25550 
2190 

csv 

fsV 
CSV 

add &nccntrrtimr 

Ommound ABS Cbncmtraion Units 

altimony 
arodor-1254 
arodor-1260 
-C 

knm(a)pyrme 
cadmium 
12-dichloroedme 
magrdum 
malganese 
m-v 
silva 
2,3,7,8- tfdd 
ttichlomefiene 
uranium-total 

1.E-02 3.E-01 
6.E-02 2.E-02 
6.E-02 
1.E-03 1.E-01 
1.E-02 6.E-02 
3.E-01 2.E-02 
1.E-02 7.a-02 
3.E-01 
1.E-02 2.%+03 
1.E-02 
5.E-02 
1.E-02 
3.E-02 
3 .E -01  7.a-04 
1.E-02 83E+oo 

NA 

Refermces 

E!& 

4U8 

104 
12 

1.000E-06 
43 

25550 
4380 

csv 

C W  
CSV 

add t 

5750 

40 
38 

E-06 
70 

25550 
13870 

- 

csv 

csv 
csv 

smoir 
- add t 

5750 an 21d ay 
csv (unidess) 
40daWear 
14 year 

LE-06 Wmg 

25550 day 
5110 day 

70 Lg 

csv (unidess) 
csv 

Cbmwund ABS Cbnuntraion units' 

NA 
N A  
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
N A  
NA 

I 

I 



Table H-IV-85 (mmtimoed) 

h n p u n d  
intimnv 

Summary of Risk Quarn&tiOm (demials)  
Rebrenm Receptor: Developed PI& User 

Via Dermal Corntactwith SoiVSsdinsmt 

HQ Calculation 
CDI RfD HQ 

[mrJkg-day) [mrJk-day) (unitless) 
4.3E-08 6.OE-OS 7.28-04 

imclor- 1254 
imclor-1260 
irseuic 
beflium 
benm(a)wene 
admiurn 
i,2-riclioroethane 
nagnes um 
nanganese 
nexury 
,aver 
!,3,7.8-tdd 
richlometkne 
rranium-tota 

NA 
NA 

2.9E-04 
S.OE-03 

5.OE-OS 

4.9E-01 
4.2E-03 
4.SE-OS 

NA 

NA 

NA 
NA 

S.9E-03 
1.5E-04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

9.OE-06 
1.7E-06 

2.OE-04 

7.8E-04 

NA 

NA 

NA 
NA 
NA 
NA 

5.2E-07 
7.4E - 03 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 
I HQ Summation = 9.1E-03 

I ILCR Calculation 
I CDI I CSP 

aroclor-1254 
amdor-1260 
arsenic 
beflium 
bem(a)pyrene 
cadmium 
1.2-ricHomethane 
magnesium 
manpnese 
mercury 
silver 
2.3.7.8-t~dd 
trichlometkne 
uranium-total 

OE-08 

6E-09 
3E-09 
OE-08 
OE-08 

8E-04 

OE-09 
1E-06 

l.OE+Ol 
l.OE+Ol 
1.8E+00 
4.3E+00 

NA 
NA 

NA 
NA 
NA 
NA 

1.OE-01 

3.OE+OS 
l.lE-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.OE-07 

4.78-09 
3.68-08 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.4E-11 

I 

I ILCR Summation = 2.4E-07 

I 



~~ 

Table HlV-86 
Somnvry of Ineke  Qnantitation (chemiuls) 
Reference Receptor: Developed h r k  User 

Vir Ingestion Wile Wading 

=. CS X EP X EDX IR 
BW X AT 

lRsw Ingeslon rateof surface water 
EP Epslrefrequmcy 
ED Eapotureduration 
BW Bodywei&t 
AT Average time brcanioogtns 
AT Average time fornon -carcinogens 
CS Cbncmtration of memicals in slrface water 

r n i l d w u h  

0.035 
52 
12 
43 

25550 
2190 4380 

csv CSV 

Cbmpound Cbncmtration Units 

antimony 
amdor-1254 
amdor-1260 
arsenic 
berylnull 
beozo(apym e 
CadmiUm 
12-didoroethane 
magpeium 
manganese 
m e m  ry 
silver 
23,78-tdd 
tdchlomethene 
uranium-@tal 

Refermces 

smoi r 
- adult adult 

vd aY 
daysfyear 
years 
b 
days 

13870 S110days 
CSV CN 



Table H.W-86 (amt iad)  ~ 

Summary of Risk Quantihtioa (chemials) 
Rebrenca Receptor: Developed Pa& User 

Via Ingestion Whib Wading 

Compund 
antimny 

HQ Calculation 
CDI RfD HQ 

(mdk-day) (mdk-day) [uddess), 
2.078-09 4.00E-04 5.17E-06 

I amc~or-1254 INA 

Compund 
antimnv 

amclor- 1260 
arsenic 
beflium 
benzo(a)pyrenc 
cadmium 
1.2-bcliomethane 
magnesium 
manganese 
mercury 
silver 
2,3.7.8-lcdd 
trichloroetkne 
uranium-total 

ILCR Calculation 
CDI CSF ILCR 

(mdkg-day) (mn/kg-day)-' (uddess' 
2.07E-09 NA NA 

7E-08 
3E-10 
6E-13 

3E-06 
1E-08 

NA 
NA 
3.00E-04 
5.OOE-03 

1.00E-03 
NA 

NA 
9.70E+00 
5.00E-03 
3.00E-04 
5.OOE-03 

6.00E-03 
3.00E-03 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
7.5SE-05 
9.468-08 

NA 
NA 
NA 
NA 
4.25E-04 
6.69E-05 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I I I HQ Summation = 5.73E-04 

amclor- 1254 
amclor-1260 
arsenic 
beflium 
benzo(a)pyrene 
cadmium 
1.2-bclioroethane 
magnesium 
manganese 
mercury 
dver 
2,3,7,8 - kdd 
lrichloroetkne 
uranium - total 

7.70E+00 
7.70E+00 

7E-08 1.75E+00 
3E-10 4.30E+00 
6E- 13 7.30E+ 00 

9.10E-02 
NA 

NA 
NA 
NA 
NA 
1.50E+05 
1.10E - 02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
3.97E-0( 
2.03E-05 
1.87E- 1: 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 
I ILCR Sumoution = 4.17E-Ot 
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,-i 

EP 
ED 
BW 
AT 
AT 
SA 
DA 

Table EIV-87 
Smmnury of Intake Qoantitrtion (ckemiuls) 
Reference Receptor: Developed h r k  User 

Via Dermal Conlact W h h  Wadin8 

EP X ED X DA X SA 
BW X AT 

Eqmstn frequmcy 
Eqmstndunt ion 

Avenge time b r  carcinogens 
Avenge h e  braon-camnogens 
Skin surface area 
chemicals gecif icdemd absorbeddose 

Bodyweigbt 

52 
12 
43 

2ssx) 
2190 4380 

5130 
csv csv 

Cbmpound DA Uni 1s 

a n h o n y  
amdor-1254 
amdor-1260 
arsenic 
be*um 
b==o(abyrene 
cadmium 
1.2-didorOedmc 
m a p e s u m  
manganese 
m e m  ry 
silver 
2,3.7,8-tdd 
tlichlomehene 
IlraniUOl-btal 

1.04E-09 mg/cm2-day 
mg/cm2-d ay 
mg/cm2-day 

1.14E -08 m g/cm2-d ay 
238E-10 mg/cm2-day 
7.298-10 mg/cm2-day 

m g/cm2-day 
mg/crn2-day 
mg/cm2-day 

1.07E -06 mg/cm2-day 
1.01E-08 mg/cm2-day 

rng/cm2-day 
mg/cm2-day 
mg/cm2-day 
mg/cm2-day 
rng/cm2-day 

Refermces 

seooir 
- adult adult 

daydyeax 
years 
k8 
days 

an2  
13870 5llOdays 

esv CSV 

Cbmpound DA units 

rng/cm2day 
mg/cm2-day 
mg/cm2-iay 
mg/cm2day 
mg/cm2day 
mg/cm2day 
m g/cm’day 
mg/cm2day 
mg/cm2day 
rng/cm’day 
mg/cm2-day 
mg/cm2day 
m g/cm2d a y 
mg/cm2day 
rn & c m 2 d  ay 



HQ Calculation 
CDI RfD HQ 

Compound (mdkg-day) (mdkg-day) (uritlessl 
antimny 3.038-09 6.OOE-05 5.05E-05 
amc~or - 1254 
amclor-1260 
arsenic 
beqllium 
benzo(a)pyrene 
cadmium 
1.2-dcliomethaae 
magnesi um 
manganese 
mercury 
silver 
2,3,7,8-lcdd 
trichloroetkne 
uranium-total 

ILCR Calculation 
CDI CSF ILCR 

Compound (mdkg-day) (rndkg-day)-' (uutless' 
a d m n y  3.03E-09 NA NA 

2E-08 
3E-10 
2E-09 

2E-06 
4E-08 

NA 
NA 
2.85E-04 
S.OOE - 03 

5.00E-OS 

4.85E-01 
4.20E-03 
4.SOE-OS 

NA 

NA 

NA 
NA 
5.88E-03 
1.SOE-04 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
1.17E-04 
1.398-07 
NA 
NA 
NA 
NA 
7.42E-04 
6.548-04 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

amclor -1254 
amclor-1260 
arsenic 
beqllium 
benzo(a)pyrene 
cadmium 
1.2-dcliomethane 
magnesium 
manganese 
mercury 
silver 
2,3.7,8-lcdd 
trichlometkne 
uranium - total 

2E-08 
3E-10 
2E-09 

2E-06 
4E-08 

1.03E+01 
1.03E+01 
1.84E+OO 
4.30E+OO 
NA 
NA 

NA 
NA 
NA 
NA . 

1.0lE-01 

3.00E+OS 
1.12E-02 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
6.12E-Ot 
2.98E - OS 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1 I I I 
I HQ Summation = 1.56E-03 [ILCR Snmuution = 6.42E-08 



0 

0 

9 

Table H.IV-88 
Summary of Intake and Risk Quantitation (radionuclides) 

Reference Receptor: Developed Park User 
Via Incidental Ingestion while Wading 

ntake Equation 

IRsw 
EF 
ED 
c s  

= CSXEFXEDXIRsw 

Ingestionrateof suface water 
Exposure frequency 
Exposure duration 
Concenwation of radionllclides insurface wata 

1.5E-03 pCVl 
pcin 

l.lE+00 pCin 
PCF 

3.1E-03 p C i  

7.5E-03 pCin 
1.E-04 pcin 

1.m-01 pcin 
p C i  
pcin 

CSV 

youth 

0.035 
52 
12 

CSV 

pcin 
pcin 
pcin 
pcin 
pcin 
pcin 
pcin 
pcin 
pcin 
pcin 

adult 

CSV 

senou 
adult - 

Vday 
dayslyear 
Y W S  

csv 

CDI CSF ILCR 
Ladionuclides (pCi) (pci1-l (unitless) 

3.28-02 
NA 

NA 
2.4E+01 

6.7E-02 
3.6E - 03 
1.6E-01 
3.7E+00 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.8E- 10 
1.4E- 12 
3.6E- 11 

, 1.3E-12 
1.3E- 11 
1.7E- 10 
1.6E- 11 
20E- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.SE- 11 
NA 

NA 
8.6E- 10 

8.7E- 13 
6.2E- 13 
2.6E- 12 
7.3E- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I ILCR Summation - - 9.6E- 10 



Table H.IV-89 
Summary o f  Risk Quantitation (radionuclides) 

Reference Receptor: Developed Park User 
Via External Radiation 

Exposure Equation = [CR X EFX ED X ET, X (1-SHJ]+[CR X EFX ED X ETi X ( 1-SHI)] 

senoh - child youth adult adult 
EF Fractionof ycar spent aposured 0.18 0.28 0.11 0.11 (unitless) 
ED Exposure duration 6 12 38 14 years 
ET. Fraction of day spent outdoors 0.17 0.17 0.17 0.08 (unitless) 
ETi Fraction of day spent indous NA NA NA NA NA 
SHi Shield factor indoars 0.5 0.5 0.5 0.5 (unitless) 

Shield factor outdom ( unitless) 
CR Radionuclide specific concentrations csv csv CSV csv 
SH, 

3.8E-01 pCig 

1.2E-01 pCig 
25E-01 pCig 
6.5E-01 pCi/g 
3.2E-02 pCig 

NA PCilB 

NA PCiQ 

NA PCib 
NA PCi/P 

2.8E+00 pCig 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

CDI CSF ILCR 

R?226+8d 

Sr50+ld 
R%l2 

Tcpp 
%a 

"238+2d 

%fL+lOd 
u23SR36 

6.1E - 01 

1.9E-01 
4.OE-01 

5.OE-02 

NA 

1.OE+00 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.4E+00 

6.OE-06 
1.2E-09 

6.OE- 13 
5.4E- 11 
8.5E-06 
2.4E-3-07 
5.1E - 08 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.7E-06 
NA 
NA 

24E- 13 
5.92- 11 
4.3E-3-07 

22E-3-07 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I I ILCR Summation - - 4.3E-06 



P 

IR 
ET 
EF 
ED 
BWa 
AT 
A P  
cs 

- 
BWXAT 

InIralationrate d g r c r  
Exporurc time 
Exposure frequency 
Exporurc dun tion 
Body wight (adult) 
Averagc time for carcinogens 
Avcagc time fornm-srcimgcnr (adult) 
CoDEcnhation of chemicals in prticubtear modeled 

Table €I.IV-!Ml 
Summary of Rbk Quantitatim (chemic&) 
Refaence Receflor: Wildlife Reserve &a 

Via Inhalation of Particulltcs 

ShiM 

0.83 
1 

26 
6 

1s 
25550 
2 190 

a v  

Compourd Comxnbation Units 

antimony 
a r d o r -  1254 
a r d o r -  1260 
arsenic 
beryllium 

' ben8(a)pyrcnc 
cadmium 
1.2-didoroeth 
ma&nerium 
manganese 
mercury 
sQ\rer 
2.3.7.8 - tcdd 
trichlmoethcnc 
UP nium -t&l 

I ne 

1.6E- 11 

9.08-11 
1.4E-11 
1.m-11 
1.6E-11 

7.7B-07 

4.18-13 
8.98-09 

Rc$rcnccr 

Bmh 

0.83 
2 

39 
l2 
43 

255.50 
4380 

a v  

u 
0.83 

2 
s2 
38 
70 

25550 
l3870 

QV 

rcnou 
UidI 

0.83 m 3 h 0 ~  
1 hour/day 

26 &ys&car 
14 ycan 
70 kg 

2ss50 days 
5110 days 

CSV 



T a b l e  W - S @ ( ~ t k e d )  ~~ 

Sommary of Risk Quamtitatioa (chsnials) 
Rehrence Receptor: Wildlib Reserve User 

Via Inhalatioa of Partialates 

krnpound 
intimov 

I HQ Calculation 
I CDI I RID I HO 

ILCR Calculation 
CDI CSF ILCR 

(rndkg-day) fmplk-day)-' (ulitlesr 
NA NA NA 

!ompound 
ntimny tNA NA NA 

I (in&,-day) I (rndk-day) I (uritlesr 

mclor-1254 I 4.88-14 
mclor-1260 
rsemc 
8er)Uiurn 
sem(a)pyreoe 
admiurn 
.2-&cHometbane 
aagwiurn 
oangdnese 
oecury 
ilver 

ricbloroetkne 
iranium-total 

:,3,7,8 - tedd 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.9E-03 

1.4E-OS 
8.6E-05 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I HQ Summation = 

imclor-1254 
imdor-1260 
KSeniC 
iefliurn 
iem(a)pyreoe 
rdmiurn 
l,2-&cHometbane 
nagoeu urn 
nangdnese 
neaury 
aver 
!.3.7.8 - tcdd 
ricblometkne 
rmium-total 

NA 
NA 

l.SE+Ol 
8.4E+00 
6.1E+00 
6.3E+00 
9.1 E -02 

NA 
NA 
NA 
NA 

l.SE+OS 
6.OE-03 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

4.1E-1 
3.6E-1 
2.E-1 
3.1E-1 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

8.1E-1 

I I ILCR Summation = S.OE-1 

... 

'. 

T.' 



Table H.N-91 
Summary of Risk Qnantitation (radionuclides) 

Reference Receptor: Wildlife Reserve User 
Via Inhalation of Gases and Particulates 

Risk Equation 

IR 
ED 
ET 
EF 
CA 

= C A X E F X E D X I R X E T  

Inhalation rate of gases 
Exposure duration 
Exposure t h e  
Exposure frequency 
Concentration of radionuclides in air 

1.4E-07 pCim3 
1BE+00 pCim3 
4BE-08 pCim3 
1.4E-07 pCim3 
4.2E-07 pCim3 
4DE-09 pCim3 

pCim3 
3.OE-06 pCim3 

pcirn' 
pcim3 

Chi ld  

OB3 
6 
1 

26 
csv 

083 
12 
2 

39 
csv 

adult 

OB3 
38 
2 

52 

- 

csv 

pcim3 
pCim3 
pc im3 
pCim3 
pCim3 
pCim3 
pcirn' 
pCim3 
pCim3 
pCim3 

senoir 
adult - 
083 m 3 ~ 0 u C  

14 years 
1 houdday 

26 dayshar 
csv 

Ladionuclides (pCi) (unitless) 

6.4E-04 
83E+03 
2.2E-04 
6.2E-04 
19E-03 
1BE-05 

13E-M 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.OE-09 
73E- 13 
6.2E-11 
83E- 12 
298-08 
1.1E-U7 
25E-08 
2.4E-08 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

45E- 12 
6.OE-09 
13E-14 
5.1E-15 
55E-11 
2.OE- 12 

3.2E- 10 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.4E-09 - I ILCR Summation - 



RirLEamtim 

IR 
EF 
ED 
CF 
AT 
AT 
BW 
cs 

Table HSV-92 
Summary of R6k Quantitation (chcmkak) 
Reference Receptor: Wildlife Rcsuve &iu 

Via Incidental Ingestion of Soil/Sediwnt 

= CSXEFXEDXCFXIR 
BW X AT 

Ingation mte d soil 

Expowe duration 
Conlersion trctor 
A w m g  tLa: forearcinwas 
A w m p  time fornon-carc+ns 
Body weight 
Conanbation of chemicals in soil 

EXPO- m = n c y  

Compound Conanba tion Units 

antimony 
ardor- 1254 
ardor- 1260 
arsenic 
beryulum 
be=o(a)pyrem 

magcesium 

cadmium 
1.2-dichbrae tba 

mangdase 
= m w  
d l e r  
23.78-t~dd 
trichloroethene 
WdIli~-toC3l 

References 

II: 

3.Z-01 
2SE-02 

1.9E-01 
6.2E-02 
2OE-02 
7.6E-02 

28E+O3 

7.6E-04 
8.3E+00 

- child 

12 
26 
6 

lE -06 
25550 
2190 
1s 
tsv 

& 

I3 
39 
12 

E-06 
2.5550 
4380 

43 
csv 

I3 
52 
38 

E-06 
2.5550 
138m 

70 
tsv 

remu 

6 m.@y 
26 da*ar 
14 )ear 

E-06 kghg 

5110 day 
2.5550 day 

mlrg 
CSV 

... 

. 
me-- 

- 



Table H.IV-92 (continued) 
Sommary of Risk Qmmtitatiom (ckemicrls) 

Reference Receptor: Wildlife Reserve User 
Via Incidental Ingestion of SoiVSediment 

Compound 
intimony 

12-dichlaroet hane 

trichlaroethene 
uranium-total 

HQ Summiion = 1.2E-04 

ILCR Calculation 
CDI CSF ILCR 

(mgnig-day) (mgkg-day)- (unllss 
8.4E-09 NA NA 

.4E- 10 

.OE-09 

.6E-09 
2E-10 
OE-09 

.3E-05 

OE-11 
2E-07 

7.7E+00 
7.7E+00 
1.8E+00 
4.3E+00 
7.3E+00 

9.1E-02 
NA 

NA 
NA 
NA 
NA 

l.SE+OS 
1.1E-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.9E-0 

8.E-0 
6.9E-0 
3.8E-0 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.2E-1: 

I ILCR Summation = 2.4E-o( 



Risk E q u a t i o n  

I R  
EF 
ED 
FI  
cs 

Table H.N-93 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: Wildlife Reserve User 
Via Incidental Ingestion of SoiliSediment 

. = CSXEFXEDXFIXIR 

Ingestion rate of soil 
Exposure frequency 
Exposure duration 
Fractional Intake 
Concentration of chemicals in soil 

3.8E-04 pCimg 
pCimg 

1.2E-04 pCimg 
2.5E-04 pCimg 
6.5E-04 pCimg 
3.2E-05 pCimg 

pCimg 
2.88-03 pCimg 

pCimg 
pCimg 

12 
26 
6 
1 

CSV 

youth 

13 
39 
12 
1 

csv 

&I& 

13 
52 
38 

1 
csv 

senoir 

6 mg/day 
26 dayslyear 
14 year 
1 (unitless) 

CSV 

pCimg 
pCiimg 
pCimg 
pCimg 
pCimg 
pCimg 
pCimg 
pCi/mg 
pCi/mg 
pCi/mg 

CDI CSF I L C R  
tad iooucl ides  (pCi) (pci)-l  (uoitless) 

I 
1.4E-05 

4.3E-06 
9.OE-06 
2.3E-05 
l.lE-06 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

9.9E-05 

7.8E- 10 
1.4E- 12 
3.6E-11 
1.3E- 12 
1.3E-11 
1.7E- 10 
1.6E-11 
2.OE-11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

l.lE-14 

1.5E- 16 
1.2E- 17 
3.OE- 16 
1.9E- 16 

2.OE- 15 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.3E- 14 - I ILCR Summat ion  - 



RiikEatafm 

SA 
AP 
EP 
ED 
a 
BW 
A T  
A T  
ABS 
cs 

Table ELN -94 
Spmrmry of Risk Qaantitation (chemicals) 
Reference Receptor: Wildlife Reserve User 

Via Dermal Coatactwiih SoiVSediment 

= CS X EF X E D  X CP X A B S  X AF' X SA 
BW X A T  

Surface area of q s e d  skin 
Absorbtion facur 
Exposure tequmcy 
Ekposureduraion 
Bnwmion fador 

Average time br cardnogens 
Average time br non-cardnogens 
Abzorbhon facur 
Bncmtraion ofchanicalsin soil 

Bodyweigbt 

Owmid ODncmtntioni 

B m w u n d  ABS 

- hi ld  

2000 

26 
6 

lE-06 
15 

25550 
2190 

csv 
csv 

csv 

Bocmtraion Units 

mtimony 
amdor- 1254 
amdor-1260 
-C 

bmzo(a)pyrme 
Cadmium 
12-dichlomehae 
magpeium 
maganese 
m-ry 
silva 
23.7.8-lodd 
trichlomehene 
uranium- total 

1.E-02 322-01 
6.E-02 2 s - 0 2  
6.E-02 
1.E-03 1.E-01 
1.E-02 6.Z-02 
3.E-01 ?.E-02 
l . E - 0 2  7.6E-02 
3.E-01 
1.E-02 2.8E+03 
l . E - 0 2  
5.E-02 
1.E-02 
3.E-02 
3.E-01 7.E-04 
1.E-02 8.3E+OO 

NA 

!e!!!& 

4l38 

39 
csv 

12 
1.000E-06 

43 
25550 
4380 

csv 
csv 

aiul t 

5750 

52 
38 

LE-06 
70 

25550 
13870 

- 

csv 

csv 
CSV 

senoir 
aiul t 

5750 cm2/day 

- 

CN ( u n i a q  
26 
14 yea 

lE-06 k g h g  

2s50  day 
5110 day 

70 Lg 

csv (unitless) 
CSV 

B m w u n d  ABS Bncmtraion bib 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 



Table H.IV-94 (mntinmed) 

Compound 
antimony 

Summary of Risk Qioanti'tatiom (chemicals) 
Refarena, Receptor: Wildfib Resewe User 
Via DermalContactwith Soil/Sadinent 

HQCalculation 
CDI RfD HQ 

(mp/kg-day) (mplkg-day) (unitless' 
3.38-08 6.OE-05 5.48-04 

aroc~or -1254 I amclor-1260 
arseuic 
beqllium 
benzo(a)pyrene 
cadmium 
1.2-deliomethane 
magnesium 
manganese 
mercury 
silver 
2.3,7,8 -tcdd 
triclioroetkne 

1.9E-09 
6.2E-09 
6.1E-08 
7.78-09 

2.88-04 

2.38-09 
I uranium-totd 8.48-07 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

NA 
NA 

2.9E-04 
5.OE - 03 

5.OE - 05 

4.9E-01 
4.28-03 
4.5E-05 

NA 

NA 

NA 
NA 

5.9E - 03 
1.5E-04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

6.8E-Ot 
1.2E-Ot 

NA 

NA 

NA 
NA 
NA 
NA 

1.SE-O.l 

5.9E-04 

3.9E-0; 
S.6E-O! 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I HQ Sumnution = 6.9E-03 

I ILCR Calculation 
I 1 CDI 

amclor-1260 
arsenic 
beqllium 
benzo(a)pyrene 
cadmium 
1,2-dclioroethane 
magnesium 
manganese 
mercury 
silver 
2,3.7,8 - tcdd 
triclioroetkne 
uranium - total 

5E - 08 

9E-09 
2E-09 
1E-08 
7E-09 

BE-04 

3E-09 
4E-07 

l.OE+Ol 
l.OE+Ol 
1.8E+00 
4.3E+00 

NA 
NA 

NA 
NA 
NA 
NA 

1.OE-01 

3.OE + 05 
l.lE-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1SE-Oi 

3.6E-OS 
2.7E-Ot 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.6E-11 

I I 
I I I E R  Sommatioo = 1.8E-07 

I 



.: 

.. . . 
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Risk 13so.ioa 

IRsw Ingestion rate 

Reference Receptor: Wildlib R e s e m  User 
Vir Ingestion While Wadiq  

= C S X E F X E D X I R  
B W X A T  

- mild 

f surface water 
EF ~&slrefrequmcy 
ED Exps~redunt ion 
BW Bodyweight 
AT Avenge time for carrinogms 
AT Avenge time brnon -cardnogens 2190 
CS Bncartrationof rfiemicalsin srrfacewater csv 

Bmpound Bnceotntion Units 

antimony 
amdor-1254 
arodor- 1260 
arsenic 

bmzo(a&yrm e 
cadmium 
13-didoroe&ane 
mapesum 
manganese 
mercury 
silver 
21.1b-tdd 
tnchlomehene 
uranium-total 

beryllium 

References 

vouh 

0.035 
52 
12 
43 

25550 
4380 

csv 

- adult 

13870 
CSV 

smoir 
adult - 

Ilday 
daydyear 
Yean 
k 
days 

5110 days 
M 

Bncmtration Units Bmpound 



Table H.IV-95 (matinuad) 
Snmmary of Risk Quantihtioa (chsniala) 
Refereom Receptor: Wildlib Rsserw Usel 

V u  Ingestiom Whib Wadina 

Compound 
anhmnv 

HQCalculab'on 
CDI RfD HQ 

(mpjkg-day) (mpjkg-day) (udtless) 
2.07E-09 4.00E-04 5.17E-06 

amdor-1254 
amclor - 1260 
arsenic 
beqllium 
b e m ( a ) w e n e  
cadmium 
1.2-15cHomethane 
mag& urn 
manganese 
mercury 
silver 
2.3.7.8 -kdd 

A 

trichloroetkne I uranium - total 

I I HQ Sumnution = 5.738-04 

NA 
NA 
3.00E-04 
S.OOE-03 

1.00E-03 

9.70E+W 
5.00E-03 
3.00E-04 
5.00E-03 

6.00E-03 
3.00E-03 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
7.5SE-05 
9.46~-oa 
NA 
NA 
NA 
NA 
4.2SE-04 
6.69E-05 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I ILCR Calculation 
I CDI I CSF I ILCR 

hmpound 
i n i m n y  I2.07E-09 NA NA 

I (mp/kg-day)I (mpjkg-day)-' I [ulitless 

imc~or-1254 
imclor- 1260 
irsenic 
BeqUium 
Bem(a)wenc 
idmium 
L.2-dcHomethane 
nagnesum 
nanganese 
nercury 
aver 
!.3.7.8 - tcdd 
rictioroetkne 
iranium- total 

7E-08 
3E-10 
6E-13 

7.70E+00 
7.70E+ 00 
1.7SE+00 
4.30E+00 
7.30E+00 

9.10E-02 
NA 

NA 
NA 
NA 
NA 
1.50E+05 
1.1OE-02 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
3.978-01 
2.03E-0! 
1.87E- 1: 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I I ILCR Snmmatioo = 4.17E-01 



Risk EquaCm 

Table €LW-96 
Summary of Risk Qoantitatiom (chemiala) 
Reference Receptor: Wildlib Rem- Umr 

Via Dermal Contact While Wadin8 

EF X ED X D A X  SA 
BW X AT 

EF Expolurefrequmcy 
E D  Expolureduntion 
BW Bodyweight 
AT Average h e  forcanhogeus 
AT Avenge time fornon -canhogens 
SA Skin surface area 
DA m e n i a l s  rpeeificdemal absorbeddose 

a -  
52 
12 
43 

25550 
2190 4380 

5130 
CSV csv 

Cbmpound DA Uni IS 

antimony 
atudor- 1254 
atudor-1260 
atsmic 
beflum 
benzo(apyrm e 
cadmium 
12-didoroethane 
m a p e i u m  
manganese 
m e a  ry 
silver 
23.lS-tcdd 
tdchlomethene 
U r a n i U m - b t a  

Rdermces 

1.04E-09 mg/cm2-day 
mg/cm2-d ay 
mg/cm2-day 

1.14E-08 mg/cm2-day 
2368-10 mg/cm2-day 
7298-10 mglcm2-day 

m g/cm2-d ay 
mg/cm2-day 
mg/cm2-day 

1.07E-06 mg/cm2-day 
l.OlE -08 mglcm2-d ay 

mg/cm2-day 
mg/cm2-day 
mg/cm2-day 
mg/cm2-day 
mg/cm2-day 

smoir - -  d u l l  adult 

daysfyear 
years 
43 
days 

an2  
13870 5llOdays 

M CSV 

Cbmpound DA units 

mg/cm’-day 
mg/cm2day 
m g/cm2-d ay 
m g/cm2A ay 
m g/cm2-day 
m g/cm2day 
mg/cm’-day 
m g/cm’-d ay 
m g/cm2-day 
mg/cm2-day 
mg/crn2-day 
m g/cmZday 
mg/cm2-day 
mg/cm2-day 
mg/cm’-day 

I 



Table H-IV-96 (mnCnued) 

CompDund 
antimny 

HQCalculation ILCR Calculation 
CDI RID HQ CDI CSF ILCR 

(mdk-day) (mdk-day) (umtlessl Compound (mdk-day) Irndk-day)-' (umdess' 
3.03E-09 6.00E-05 5.058-05 antimny 3.038-09 NA NA 

amclor-1254 
amclor - 1260 
arsenic 
beflium 
bem(a)pyrene 
cadmium 
1.2-bcHomethane 
magnea um 
manganese 
menury 
silver 
2,3,7,8-t~dd 
trichlometkne 
uranium - to tal 

2E-08 
3E-10 
2E-09 

2E-06 
4E-08 

NA 
NA 
2.858-04 
S.WE - 03 

5.00E-OS 

4.8SE-01 
4.20E-03 
4.50E-05 

NA 

NA 

NA 
NA 
5.88E-03 
1.50E-04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
1.17E-04 
1.39E-07 

NA 
NA 
NA 
NA 
7.42E-04 
6.54E-04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

amclor-1254 
amclor-1260 
arsenic 
beflium 
benm(a)pyrene 
cadmium 
1.2-bcHomethne 
magnesium 
manganese 
mercury 
silver ' 

trichlometkne 
uranium-total 

2,3,7.8- tcdd 

2E - 08 
3E-10 
2E-09 

2E-06 
4E-08 

1.03E+01 
1.03E+01 
1.84E+00 
4.30E+00 

NA 
NA 

NA 
NA 
NA 
NA 

1.01E-01 

3.00E+OS 
1.12E-M 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
6.12E-0( 
2.98E-01 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 1 

LILCR Summation = 6.42E-OE I HQ Summation = 1.568-03 



6 3 4 9  

Risk Equation 

IRsw 
EF 
ED 
cs 

Table H.IV-97 
Summary of  Risk Quantitation (radionuclides) 

Reference Receptor: Wildlife Reserve User 
Via Incidental Ingestion while Wading 

= CSXEFXEDXIRsw 

Ingestionrate of suface wata 
Exposure kequency 
Exposure duration 
Concentrationof radionuclides insurface watex 

R%26+8d 

Sr5Q+ld 
R n ,  

=%9 
Th2a 

"29+2d 

&.?L+lOd 
u2XUZ36 

1.SE-03 pCin 
pcin 

l.lE+OO pCin 
pcin 

3.1E-03 pCin 
1.7E-04 pCin 
7.SE-03 pCin 
1.7E-01 pCin 

pcin 
pcin 

- child youlh 

csv 

0.035 
52 
12 

CSV 

pcin 
pcin 
pcin 
pcin 
pcin 
pcin 
pcin 
p C i  
p C i  
pcin 

csv 

senoir 
adult 

Vday 
daystyear 
Y W S  

csv 

Ladionuclides (pCi) (unitless) 

3.2E - 02 
NA 

NA 
2.4E+01 

6.7E-02 
3.6E-03 
1.6E - 0 1 
3.7E+OO 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.8E- 10 
1.4E- 12 
3.6E-11 
1.3E- 12 
1.3E- 11  
1.7E- 10 
1.6E- 11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2SE- 11  
NA 

NA 
8.6E- 10 

8.7E- 13 
6.2E- 13 
2.6E- 12 
7.3E- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I ILCR Summation - - 9.6E- 10 



~ 

Table H.IV-98 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: Wildlife Reserve User 
Via External Radiation 

Exposure Esuation = [CR X EF X ED X ET, X (l-SHJ]+[CR X EFX ED X ETi X (l-SHi)] 

senob - child youth adul( & 

EF Fractionof year spent arposured 0.07 0.11 0.14 0.07 (unitless) 
ED E x p u r e  duration 6 12 38 14 years 
ET. Fraction of day spent outdoors 0.04 0.08 0.08 0.04 (unitless) 
ET1 Fraction of day spent indous NA NA NA NA NA 
SHi Shield factor indom 0.5 0.5 0.5 0.5 (unitless) 

Shield factor outdoors (unitless) 
CR Radionuclide specific concentrations csv csv csv csv 
SH, 

3.8E-01 pCVg 
. NA P W  

1.z-01 pcig 
25E-01 pcig 
6.5E-01 pcig 
3.m-02 pcvg 

NA PCilB 

NA P W  
NA Pcvg 

28E+00 pCVg 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

CDI CSF ILCR 
tadionuclides (year pCilg) (v/pci-year)-' (unitless) 

2.3E- 0 1 

7.OE-02 
1 s - 0 1  
3.8E-01 
1.9E-02 

1.6E+00 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.OE-06 
1.2E- 09 

6.OE- 13 
5.4E- 11 
8.5E - 06 
24E-07 
5.1E - 08 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.4E-06 
NA 
NA 

a.8~-14 
20E- 11 
1.6E-07 

8.3E-08 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.6E-06 - 1 ILCR Summation - 



0 '  

RtLEamticm 

IR 
E l 3  
EFa 
Ell3 
BWa 
AT 
ATd 
cs 

CS XEF XED X IR X E T  
BW X AT 

hkdationrate dgares 
Exposue tine (adult) 
Eqxwre beqlerry (adult) 
Exposure duration (adult) 
Bodyweight (adult) 
A \ e r a ~  tb forcarchops 
Awrag tine for non-carchops (adult) 
ConoentlationofckmicalsiaparticueteasmodeCd 

Table IIJV-99 
Summary of Rkk Quantitation (chemicak) 
Reference Receptor: Expanded Trespasser 

Via Inhalation of Particulates 

Compound ConaniIalion units 

antimony 
ardor-1254 
ardor-1260 
arsenic 
teryulum 
benzo(a)pyle'm 
cadmium 
1.2-dichbroe tba 
magnesium 
manpares 

siher 
/3,I&-lcdd 
trichloroe thene 
uranium-toa1 

II: 

1.6E-11 

9.m-11 
1.4E-11 
1.lE-11 
1.6E-11 

7.E-07 

4.4E-13 
8.9E-09 

mg/m3 
mg/m3 
mg/m3 
mg/m3 
mdm3 
mg/m3 
mum3 
mum' 
mg/m3 
mg/m3 
mdm3 
mdm3 
mg/m3 
mg/m3 
mg/m3 
mg/m3 

References 

& a d u l t  

0.83 0.83 m3/bour 
2 1 hodday 

110 40 d a w r  
12 32 Year 
43 mDLg 

25550 25550days 
4380 llMl0 days 

CSV csy 

Compound ConcenIration units 

mg/m3 
mp/m3 
mg/m3 
mum3 
mg/m3 
mg/m3 
mg/m3 
mg/m3 
mg/m3 
mg/m3 
mum3 
mg/m3 
mdm3 
mg/m3 
mg/m3 



Table H.W-99 (amfnsed) 
Summary of Risk Qoamdtrtiom (dsmials)  
Reference Receptoc Expanded Tmspasser 

Via Inhalation of Particdabs 

k m p u n d  
intimoav 

ILCR Calculation 
CDI CSF ILCR 

(mdkg-day) [mdkg-day)-l [udtless 
NA 

aroc~or -1254 
amclor - 1260 
arsenic 
beflium 
benm(a)pyrene 
cadmium 
1.2-dchlometkme 
magnea um 
manganese 
mercury 
silver 
2,3,1,8 -tcdd 
tricbloroethene 
uranium-total 

Compund 
antimony 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.9E-03 

1.4E-05 
8.6E-OS 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

HQ Calculation 
CDI RID HQ 

Imglkg-day) [mdkg-day) (unitless) 
NA NA NA 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I I I HQ Somnution = 

NA NA 
imclor-1254 I 4.E-14 
imclor-1260 
I r s e n i C  
ieflium 
ienm(a)ppne 
idmium 
L.2-dcliomethne 
nagnesum 
na nga nese 
necury 
#aver 

ricbloroetbene 
iranium-total 

!.3,7.8 - tcdd 

NA 
NA 

l.SE+Ol 
8.4E+00 
6.1E+00 
6.3E+00 
9 .E-02  

NA 
NA 
NA 
NA 

1.5E+O5 
6.OE-03 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

3.5E-1: 
3.OE-1: 
1.8E-1: 
2.6E-1: 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.9E-1t 

I 
[ ILCR Sommation = 4.2E-12 

I 



6 3 4 9  

Radionuclides (PCi) (pa)- '  (unit less) 

Ra2%+8d 4.68-04 7.OE-09 3.2E- 12 
h 2 2 2  6.OE+03 7.3E- 13 4.48-09 
%+ld 1.6E-04 6.2E- 11 9.7E- 15 
T% 4.5E-04 8.3E- 12 3.7E-15 

1.4E-03 2.9E-08 4.OE- 11 
1.3E-05 l.lE-07 1.4E-12 

U m + u  9.6E-03 2.4E-08 2.3E- 10 

nL, 
-432+1Od 
urn, NA 2.5E-08 NA 

NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 

4.6E-09 - I ILCR Summation - 

Table I-LIV-100 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: Expanded Trespasser 
Via Inhalation of Gases and Particulates 

Risk Equation 

IR 
EFa 
EDa 
ETa 
CA 

= C A X E F X E D X I R X E T  

Inhalation rate of gases 
Exposure frequency (adult) 
Exposure duration 
Exposure time (adult) 
Concentration of radionuclides in air 

1.4E-07 p o / d  

4.8E-08 p W d  
1.4E-07 p W d  
4.28-07 p W d  
4.OE-09 p W d  

3.OE-06 p a d  

1.8E+00 p W d  

Pad 

pwm' 
pwd 

y o u t h -  

0.83 0.83 m3/hour 
110 40 dayslyear 
12 32 Year 
2 1 hourlday 

csv csv (see table below) 

pwd 
pwm' 
pwm' 
pwm' 
Pad 
pwm' 
P a d  
Pad 
Pad 
pwm' 



I& 
C P  
EFa 
EDa 
BWa 
AT 
A P  
cs 

~~ 

Table H.IV - 101 
Summary of  Risk Quantit l ioa (chemic&) 
Rcfacncc Reeepor: Expandal Trcspassa 
Via Incidental Ingestion of  SoiyScdimclll 

BW XAT 

Ingestion mtc of roil (adult) 
Convcrrion factor 
Exposure frequency (adult) 
Exposure due tion (adult) 
Body weight (adult) 
Avcegc time f o r e r c h g c n r  
Avcng time for om-carcinogens (aduh) 
Conccnhr tion of chemicals in roil 

Compound Conccntration LJnits 

antimony 
ardor-US4 
ardor-MO 
anenie 
beryllium 
bcnm(a)pyrcne 
cadmium 
1.2 - dichloroetba ne 
magnesium 
manganese 
mercury 
s i lw 

hichloocthcnc 
umnium- total 

2.3.7.8 - t d d  

3.2E-01 
2.5E-02 

1.9E-01 
6.2842 
2.0E-02 
7.68-02 

2.88+03 

7.6E-04 
8.3E+00 

l2.5 
1.00E-06 

110 
l2 
43 

25550 
4380 

CSV 

US mglcay 
1.00E-06 k%mg 

40 daydycar 
32 Year 
70 kg 

25550 day 
11680 dayl 

a v  



0 .  

Table H.IV-101 (continued) 
Summary of Risk Quaatitation (ehemicds) 
Reference Receptor: Expanded Trespasser 
Via Incidental Ingestion of SoiVSediment 

Compound 
antimony 
aroclar - 1254 
W O C ~ O ~  - 1260 ' 

arsenic 
bayllium 
bemo(a)pyrene 
cadmium 
1.2-dichluoethane 
magnesium 
manganese 
mercury 
silver 
2.3.7.8 -tcdd 
trichluoethene 
uraniurn-total 

NA 
NA 

3.OE-04 
5.OE-03 

1.OE-03 

9.7E+OO 
1.4E -01 
3.OE-04 
5.OE-03 

NA. 
NA 

NA 
6.0E - 03 
3.OE-03 

NA 
NA 

2.4E-05 
4.7E-07 

NA 
2.9E-06 

1.1E-05 
NA 

NA 
NA 
NA 
NA 

4.88-09 
l.lE-04 

Compound 
antimony 
U O C ~  - 1254 
UOCICS- 1260 
arsenic 
baryllium 
bemo(a)pyrene 
cadmium 
1.2-dichluoet hane 
magnsium 
manganse 
macury 
silva 
2.3.78 -tcdd 
trichluoethene 
uranium-total 

ILCR Calculation 

unilgs  
7.E-09 NA NA 
5.9E-10 

4.6E-09 
1%-09 
4.8E-10 
1.8E-09 

NA 

NA 

NA 
NA 
NA 
NA 

~ . ~ E - o s  

1.8E-11 
2.OE-07 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
VA 
NA 
VA 
VA 
VA 
VA 
VA 
VA 
VA 

7.7E+00 
7.7E+00 
1.8E+00 
4.3E+00 
7.3E+00 

NA 

NA 
NA 
NA 
NA 

9.1E-02 

1.sE+o5 
1.1E-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4%-09 

8.1E-09 
6.4E-09 
3 s - 0 9  

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.OE-13 

I I LILCR Summation = 2.2E-os 

I 



Zisk Equation 

IRa 
EFa 
EDa 
FI 
cs 

Table H.IV- 102 
Summary of  Risk Quantitation (radionuclides) 

Reference Receptor: J3panded Trespasser 
Via Incidental Ingestion of Soil/Sediment 

= C S X E F X E D X F I X I R  

Ingestion rate of soil (adult) 
Exposure frequency (adult) 
Exposure Duration 
Fractional Intake 
Concentration of radionuclides in soil 

3.8E-04 pCVmg 
pCi/mg 

1.2E-04 pCi/mg 
2.5E-04 pCi/mg 
6.58-04 pCi/mg 
3.2E-05 pCi/mg 

pCi/mg 
2.88-03 pCi/mg 

pCi/mg 
pCi/mg 

12.5 
110 
12 
1 

csv 

12.5 mglday 
40 dayslyear 
32 Year 

1 (unitless) 
csv 

pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 

CDI CSF ILCR 
Ladionuclidcs (pCi) (pci1-l  (unitless) 

1.2E+01 

3.9E+00 
8.1E+00 
2.1E+01 
l.OE+OO 

9.OE+01 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.8E- 10 
1.4E- 12 
3.6E- 11 
1.3E- 12 
1.3E- 11 
1.7E- 10 
1.6E- 11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

9.7E-09 
NA 

1.4E- 10 
1.1E-11 
2.7E- 10 
1.8E- 10 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.8E-09 

1.2E-08 - I ILCR Summation - 



Table H-IV - 103 
Summary of Rbk Chantitation (chcmicab) 
Reference Receptor: Expanded Trcspassa 
Via Damal Contact with SoiVSedimed 

- X C F  
BW X AT 

SA 
AF 
ABS 
C F  
@Fa 
ma 
BWa 
AT 
A l l  
cs 

Surhccarca ofexposed skin (adult) 
S d  to skinadhcrcna kctor 
chemicals specificabsorbtion factor 
Conversion factor 
Exposure frequcng (adult) 
Exposure duration (adult) 
Body weight (adult) 
Avenge time for carcinogens 
Average time for nm-carcinogens (adult) 
Concentm tion of chemicals in soil 

C o m p o u d  ABS Concentmtion Units 

antimony 1.0E-02 3.2E-01 mgikg 
a r d o r -  U54 6.0E-02 2.5E-02 mgikg 

arsenic 1.0E-03 1.9E-01 mgkg 
beryllium l.0E-02 6.2E-02 mgikg 
knm(a)pyrcnc 3.0E-01 2.OE-02 mgikg 
odmium 1.OE-02 7.6E-02 m@g 

magnesium 1.0E-02 2.8EM3 mgikg 

ardor-lZ6O 6.0E-02 mukg 

1,2-diddoroethanc 3.0E-01 mg/Lg 

man@ nese 1.0E-02 mgikg 
mercury 5.0E-02 mgikg 
rilwr 1.OE-02 mgikg 
2.3.7.8-kdd 3.0E-02 mgikg 

NA mgikg 

tricblaoethcnc 3.0E-01 7.6E-04 mgikg 
ura nium - total 1.OE-02 8.3EM0 mgikg 

4200 
1 

1.0E-06 
110 
u 
43 

25550 
4380 

CSV 

CSV 

l 9% cm%a 
1 mglcm 

1.0E-06 kglmg 
QV 

40 daysfyear 
32 Year 
70 kg 

25550 days 
11680 dap 

QV 



Table H-IV-103 (mmthmed) 
Summary of Risk Quamtihbioa (chemicals) 
Reference Receptor: Expanded Trsspasser 
Via DermdConbctwith SoiVSadimemt 

Compund 
anhnunv 

HQ Calculation 
CDI R P  HQ 

(mdk-day) [mdkg-day) (uritless) 
4.7E-08 6.OE-OS 7.88-04 

amclor~12S4 
anxlor-1260 
arsenic 
beqllium 
benm(a)pyrene 
cadmium 
1.2-bcUometbne 
magaesum 
manganese 
mercury 
silver 
2,3.7,8-lcdd 
tricldoroetkne 
uranium-total 

NA 
NA 

2.98-04 
S.OE-03 

5.OE-OS 

4.9E-01 
4.28-03 
4.SE-OS 

NA 

NA 

NA 
NA 

5.9E-03 
1.5E-04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

9.8E-06 
1.8E-06 

2.28-04 

8.5E-04 

NA 

NA 

NA 
NA 
NA 
NA 

5.6E-07 
8.1E-03 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I I I HQ Summation = 9.9E-0: 

I ILCR Calculation 
I I CDI I ILCR 

NA NA 
I amelor-1254 I 1.4E-08 
aroclor- 1260 
arsenic 
beqllium 
benm(a)pyrene 
cadmium 
1.2-dclioroetbne 
magoesum 
manganese 
mercury 
silver 
2.3.7.8-lcdd 
tricldometkne 
uranium-total 

8E-09 
7E-09 
SE-08 
OE-09 

6E-04 

1E-09 
6E-07 

~~ 

l.OE+Ol 
l.OE+Ol 
1.8E+00 
4.3E+00 

NA 
NA 

NA 
NA 
NA 
NA 

1.OE-01 

3.OE+OS 
1.1E-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.4E-07 

3.28-09 
2.48-08 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.3E-ll 

L 
I I X R  Summation = 1.7E-07 



lRsw 
EFa 
Ew 
BWa 
AT 
A> 
cs 

= C S X E F X E D X I R  
BWXAT 

Ingestion B(C of aurbce water 
Exposure frequency (adult) 
Exposure duration (adult) 
Body wight (adult) 
Avcrap time for s r c h g c n s  
Averap time for om-carcinogens (adult) 
Cooccnhation of chemicals in surface water 

lbblc  HIV-104 
Summary of  Risk Quaditation (chemicals) 
Refaence  Receptor: Expanded Trspassa 

Via Ingestion While Wading 

Compound Cooccnhation Units 

antimony 
ardor-1254 
ardor-1260 
arsenic 
beryllium 
benzo(a)pyrcnc 
sadmium 
1.2 - didoroeth  
magnesium 
maogncrc 
mcrcuty 
S i l K I  

2.3.1.8 - tedd 
trichlaocthcnc 
umnium- total 

I ne 

X E U d l m  

0.035 V h Y  
52 d a m c a r  
12 Year 
43 70 kg 

25550 25550 dap 
4380 11680 dap 

CSV CSV 



Summary of Risk Quantitrtiom (chemials) 
Rebrence Receptor: Expanded Trespasser 

Via Ingestion While Wadin8 

I HQ Calculation 
I CDI I RID I HQ 

h m p u n d  1 [mdkg-day) I [mdkg-day) I [udtless) 
.ntillWny I3.29E-09 4.00E-04 8.228-06 
Imclor-1254 tNA 
mclor - 1260 
llSeniC 
ieflium 
iem(a)pyrene 
admium 
..2-dcPometkine 
nagnesium 
nanganese 
nelcury 
aver 

richlometkne 
iranium-total 

!,3,7,8- tcdd 

NA 
NA 
3.00E-04 
5.00E-03 

1 .WE -03 

9.70E+00 
5.00E-03 
3.00E-04 
5.00E-03 

6.00E-03 
3.00E-03 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
1.20E-04 
1.51E-07 

NA 
NA 
NA 
NA 
6.778-04 
1.06E-04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I HQ Summation = 9.128-04 

I ILCR Calculation 
I CDI I CSF I ILCR 

k m p u n d  
1ntillWny 12.07E-09 NA NA 

I [mdkg-day)l (mp/kg-day)-l I [unitless 

imclor-1254 I 
imclor-1260 
IrSeniC 
Beflium 
ieaao(a)pyrene 
idmium 
1,2-dcliometbane 
nagnesium 
nanganese 
nelcury 
%ver 
!,3,7.8-tcdd 
richlometkne 
rranium - total 

~~ 

7.70E+00 
7.70E+ 00 
1.75E+00 
4.30E+00 
7.30E+ 00 

9.10E-02 
NA 

NA 
NA 
NA 
NA 
1.50E+ 05 
l.lOE-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
3.978-08 
2.03E - 09 
1.87E- 12 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I ILCR Summation = 4.17E-08 

I 



@Fa 
EDa 
BWa 
AT 
ATa 
DA 
SAa 

Table H.IV-105 
Summary of Risk Quantitation (chcmialr) 
Reference R c a p o r :  Expanded Trcrpasxcr 

Via Dermal Contact While Wading 

EPXEDXDAXSA 
BWXAT 

Exporue f q u c n c y  (adult) 
Exporue duratbn (adult) 
Bodyweight (adult) 
Averagetime forcatcinogns 
Avengetime for non-caminogcnr (adult) 
cbcmkab specific dcrmalabsorbed dose 
Skin surkc area (adult) 

Compound DA Units 

antimony 
aralor-1241 
ardor-1260 
arsenic 
beryllium 
beao(a)pyrcne 
cadmium 

magnesium 
manganese 
mercury 
d \ c r  
23.18 -tcdd 
trthloroctbene 
uranium-total 

12 - d t  hlorocChane 

1ME-09 mgkma-day 
mgkm'-day 
mgkm'-day 

1.UE-08 mgkm'-day 
238B-10 mgkm'-day 
7298- 10 mgkm'-day 

mgkm'-day 
mgkm'-day 
mgkm'-day 

1D7E-06 m&km'-day 
1D1E-08 mgkm'-day 

mgkm'-day 
mgkml-day 
mgkm'-day 
mgkml-day 
mgkrn'-day 

XuUh 

n 
l2 
43 

25550 
4380 

SUO 
csv 

a!d& 

dayrhear 
Year 

70 kg 
2s550 day 
11680 dap 

cm' 
csv 

DA Units Compound 

mgkd-day 
mgkm'-day 
mgkd-day 
mgkm'-day 
mgkm'-day 
mgkm'-day 
mgkmz-day 
mgkm'- day 
mgkm'-day 
mgkm'-day 
mgkm'-day 
mgkm'-day 
mgkm'-day 
m@m'-day 
mgkm'-day 



Table H.N-105 (amtimued) 

Compund 
antirmny 

HQCalculafon ILCR Calculation 
CDI RfD HQ CDI CSF ILCR 

(mdk-day)  (mdkg-day) (undess) Compund (mdkg-day) [mp/kg-day)-' (udtless: 
4.82E-09 6.00E-OS 6.038-05 antirmny 3.03E-09 NA NA 

amcior-1254 
amclor- 1260 
arsenic 
beflium 
benao(a)pyrene 
cadmium 
1.2-dcblometbane 
magnesium 
manganese 
meFcury 
silver 
2,3.1,8-lcdd 
tricblometkne 
uranium-totd 

NA 
NA 
2.85E - 04 
5.00E - 03 

5.00E-OS 

4.8SE - 01 
4.20E-03 
4.SOE-05 

NA 

NA 

NA 
NA 
5.88E-03 
1.50E-04 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
1.858-04 
2.218-07 
NA 
NA 
NA 
NA 
1.18E-03 
1.04E - 03 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I I HQ Summation = 2.49E-03 

amclor-1254 
amclor-1260 
arsenic 
beqllium 
benao(a)pyrene 
cadmium 
1.2-dcblomethne 
magnesium 
manganese 
mercury 
silver 

trichlometkne 
uranium-total 

2.3.7.8-tcdd 

2E-08 
3E-10 
2E-09 

2E-06 
4E-08 

1.03E+01 
1.03E+01 
1.84E+00 
4.30E+00 
NA 
NA 

NA 
NA 
NA 
NA 

1.01E-01 

3.00E+OS 
1.12E -02 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
6.12E-08 
2.98E-OS 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I I LILCR Summation = 6.42~-oa 

.. . 
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lisk Equation 

IRsw 
EFa 
EDa 
FI 
cs 

Table €LW- 106 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: Expanded Trespasser 
Via Incidental Ingestion while Wading 

= CSXEFXEDXFIXIRsw 

Ingestion rate of surface water 
Exposure frequency (adult) 
Exposure duration (adult) 
Fractional intake for radionuclides 
Concentration of radionuclides in surface water 

RaZl6+Rd 1.5E-03 p a  
h 2 7 2  P a  

P a  T% 
%?o 
%+lad 

SrEO+ld l.lE+00 pein 

3.1E-03 p a  
1.7E-04 pcin 

"m, 7.5E-03 p a  
um+zd 1.7E-01 p a  

P a  
P a  

0.035 
52 
12 
1 

csv 

adult - 
Vday 
daysryear 
Year 

1 (Unitless) 
csv 

CDI CSF ILCR 
ladionuctides ( p a )  (pa)-' (unitless) 

3.2E-02 

2.4E+01 

6.7E-02 
3.6E-03 
1.6E-01 

NA 

NA 

3.7E+00 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
'NA 

7.8E- 10 
1.4E- 12 
3.6E- 11 
1.3E- 12 
1.3E-11 
1.7E- 10 
1.6E- 11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.5E- 11 

8.6E- 10 

8.7E- 13 
6.2E- 13 
2.6E- 12 
7.3E- 11 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I ILCR Summation 5 9.6E- 10 



Table KlV- 107 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: Expanded Trespasser 
Via External Radiation 

-sure Equation [CRXEFXEDXEToX(l-SHo)) 

EFa 
EDa Exposure duration (adult) 
ET, Fraction ofdayspentoutdoors(adu1t) 
SHO Shield factor outdoors 
CR Radionuclide specific concentrations 

Fraction ofyear spent exposured (adult) 

3.8E-01 pWg 

1.2E-01 pWg 
2.5E-01 pWg 
6.5E-01 pWg 
3.2E-02 pWg 

NA PWI3 

NA P W  

NA P w 3  
NA P a l 3  

2.8E+00 pWg 

youth 

0.3 
12 

0.08 

CSV 

NA PWg 
NA P a l 3  
NA P a t 3  
NA PWl3 
NA PWl3 
NA P a t 3  
NA P a l 3  
NA PW/g 
NA PWg 
NA PWi3 

adult - 
0.11 (unitless) 

0.04 (unitless) 
(uni tless) 

32 Year 

csv (see table below) 

CDI CSP ILCR 
!adionuclides (year pCilg) (g/pCi-year)-' (unitless) 

1.6E-01 

5.1E-02 
l.lE-01 
2.8E-01 
1.4E-02 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.2E+a) 

6.OE-06 
1.2E-09 

6.OE- l3 
5.4E- 11 
8SE-06 
2.4E-07 
5.1E-08 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

9.9E-01 
NA 
NA 

6.4E- 14 
1JE- 11 
1.2E-07 

6.1E-08 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.2E-06 - I ILCR Summation - 

. .. 



Table 1I.W- 108 

Rcfermcc Receptor: Great Miami River User (Agricultural) 
Via Ingestion of Meat Products 

Summary of risk Quantitalion (chemicals) 

IR 
m 
EF 
EDn 
EDe 
BW 
ATc 
ATn 
CS 

Ingestion rate of meat 
Fraction ingested from contaminated source 

.Exporure frcquency 
@xpoture duration for non-carcinogens 
Exposure duration for carcinogens 
Body wcight 
Average time for carcinogens (lifetimc) 
Average time for non-carcinogens (EDn x 365) 
Concentration of chemicals in meat 

CS X EF X ED X FI X IR 
BW X AT 

Compound Concentration Units 

antimony 
ardor-1254 
ardor-1260 
arsenic 
kryllium 
knzo(a)pyrc= 
cadmium 
1.2-dichloroethane 
magnesium 
manganese 
mercury 
silver 

trichloroethene 
uranium-total 

z3.7,a - tcdd 

References 

0.101 kglday 
0.75 (Unitless) 
350 dayshar 

. 70 Year 
70 Year 
70 kg 

25550 days 
25550 dayr 



Table H.IV- 108 (continued) 
Summary of Risk Quantitation (chemicals) 

Reference Receptor: Great Miami River User (Agricultural) 
Via Ingestion of Meat Products 

Compound 
antimony 

HQ Calculation 
CDI RfD HQ 

(mflg-day) (m&-day) (unitless) 
4.4E-l3 4.OE-04 l.lE-09 

aroclor-1260 
arsenic 
beryllium 
belao(a)pyrene 
cadmium 
1.2 -dichloroethane 
magnesium 
mangpnese 
mercury 
silver 
23.7.8 - tcdd 
trchloroethene 
uranium-total 

NA 
NA 

9.7E-14 
1.2E-14 

NA 
NA 

7E-14 
2E-14 

1E-09 

YA 
YA 
NA 
NA 

NA 
NA 

3.OE-04 
S.OE-OD 

1.OE-00 

9.7E+00 
1.4E-01 
3.OE-04 
5.OE-OD 

6.OE-03 
3.OE-03 

NA ' 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
VA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

19E-11 

3.5E-06 

I I 1 HQ Summation = 3SE-06 

ILCR Calculation 
I CDI I CSF I ILCR 

hmpound 
lntimonv I 4.4E-l3 NA NA 

I (mflE-day)( (mflR-day)-' I (unitless 

Iroc1or-12~4 
Iroclor-1260 
lnenic 
Kryllium 
amo(a)pyrene 
admium 
.,l-dichloroethane 
oagnesium 
nangpnese 
nereury 
ilver 

rchloroethene 
iranium - total 

!3.7,8 - tcdd 

7.7E+00 
7.7E+00 
18E+00 
43E+00 
73E+00 

9.1E-02 
NA 

NA 
NA 
NA 
NA 

l.SE+OS 
l.lE-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 

4.2Eyl2 
8.4E-14 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I ILCR Summation = 5.OE- 13 
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,iek Equation 

IR 
FI 
EF 
EDn 
Cf 

Table H.IV- 109 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: Great Miami River User (Agricultural) 
Via Ingestion of Meat Products 

Cf X EFX EDn X FI X IR 

Ingestion rate of meat . 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in meat 

9.2E- 10 

l.lE-06 
9.58-04 
3.7E- 10 
2.5E- 12 
6.6E-09 
1.5E- 07 

ERR 

0.101 kglday 
0.75 (Unitless) 
350 dayshear 
70 Year 

CDI CSF ILCR 
Ladionuclides (pCi) (pci1-l (unitless) 

1.7E-06 

2.1E- 03 
1.8E+00 
6.88-07 
4.7E-09 
1.2E-OS 
2.88-04 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.8E- 10 
1.4E- 12 
3.6E- 11 
1.3E-12 
1.3E-11 
1.E- 10 
1.6E- 11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.3E- 15 

7.4E- 14 
2.3E- 12 
8.9E- 18 
8.OE- 19 
2.OE- 16 
5.5E- 15 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.4E- 12 - I ILCR Summation - 

. . . ... . : I .  " . . .  . .  
. I . _ .  

. .. . . . 1  

;.:. : , .  : . . j , ; . :  :: . . .  . 



risk Equation 

IR 
FI 
EF 
EDn 
EDc 
BW 
ATc 
ATn 
cs 

Table H.N-110 
Summary of risk Quantitation (chemicals) 

Reference Receptor: Great Miami River User (Agricultural) 
Via Ingestion of Dairy Produds 

CS XEF X ED X FI X IR 
BW X AT 

Ingestion rate of dairy products 
Fraction ingested from contaminated source 
Exposure frcqucncy 
Exposure duration for non-carcinogens 
exposure duration for carcinogcns 
Body weight 
Average time for carcinogens (liletime) 
Avcragc time for non-carcinogens ( m n x  365) 
Concentration of chemicals in animal producb 

CLcriul Concentratmu 

Compound Concentration Units 

antimony 
ardor-1254 
a r d o r -  1260 
arsenic 
beryUium 
benm(a)pyre= 
cadmium 
1.2 - dichlorocthanc 
magnesium 
manganese 
mercury 
silver 

trichlorocthcnc 
uranium-total 

z3.7,a-lcdd 

5.m-08 

LO@-10 
4.2E-09 

2.28-06 

Rcfcrcncer 

0.4 Uday 
0.75 (Unitless) 
350 dayshear 
70 Year 
70 Year 
70 kg 

25550 days 
25550 days 



Table H.IV- 110 (continued) 
Summary of Risk Quantitation (chemicals) 

Reference Receptor: Great Miami River User (Agricultural) 
Via Ingestion of Dairy Products 

Compound 
antimony 

HQ Calculation 
CDI RfD HQ 

(m&-day) (mp/kg-day) (unitless' 
2.1E-10 4.OE-04 S.2E-07 

aroc1or-1~4 
aralor-  1260 
arsenic 
belytlium 
bemo(a)pyrene 
cadmium 
1.2-dichloroethane 
magnesium 
manganese 
mercury 
silver 
23,7,8-(fdd 
trthloroethene 

NA 
NA 

4.1E-I3 
1.7E-11 

NA 
NA 
NA 
NA 

VA 
NA 
VA 

9.1E-09 

k A  
NA 
NA 

4.1E-l3 
1.7E-11 

NA 
NA 
VA 
NA 

NA 
NA 
NA 
VA 
VA 
NA 
NA 
NA 
VA 
NA 
A 

9.1E-09 

I uranium-total h A  

A 
NA 
NA 
VA 
NA 
NA 
NA 
NA 
NA 
VA 
VA 
NA 
VA 

VA 
NA 
NA 
NA 
NA 
VA 

NA NA 
NA NA 

3.OE-04 NA 
5.OE-OD 8.3E-11 

NA NA 
1.OE-OD NA 

NA NA 
9.7E+00 NA 
1.4E-01 NA 
3.OE-04 3.OE-05 
5.OE-OD NA 

NA NA 
6.OE-03 NA 
3.OE-03 NA 

NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 

I HQ Summation = 3.1 E - 05 

1 ILCR Calculation 
I CDI I ILCR 

iralor - 1260 
irsenic 
xryllium 
amo(a)pyreae 
admium 
.,2-dL;hloroethane 
nagnesium 
nangnese 
oercury 
ilver 

rthloroethene 
mnium-total 

!3.7.8 - tcdd 

7.7E+00 
7.7E+00 
1EE+00 
43E+00 
73E+00 

9.1E-02 
NA 

NA 
NA 
NA 
NA 

1.SE+05 
1.1E-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 

1EE-1; 
13E-1( 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I~E- I I I  I ILCR Summation = 

cp 
W 

I 



Table H.N-111 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: Great Miami River User (Agricultural) 
Via Ingestion of Dairy Products 

risk Equation 

IR 
FI 
EF 
EDn 
CP 

- - . C p X E F X E D n X F I X I R  

Ingestion rate of dairy products 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in animal products 

R%+8d 2.OE-06 
RnZ.2 NA 
Sr%l+ld 6.7E-03 
Tc, 1.3E+00 

3.7E-07 
2.5E-09 %32+ 1M 

~PSRM 2.48-05 
u238+a 5.4E-04 

%30 

0.4 Vday 
0.75 (Unitless) 
350 daysbear 
70 Year 

CDI  CSF ILCR 
!adionuclides IpCi) (pCi)-' (unitless) 

1.5E - 02 

4.9E+01 
9.8E+03 
2.7E-03 
1.9E-05 
1.7E-01 
3.9E+00 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.8E- 10 
1.4E- 12 
3.6E- 11 
1.3E- 12 
1.3E- 11 
1.7E- 10 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.1E- 11 

1.8E-09 
1.3E- 08 
3.5E- 14 
3.2E- 15 
2.8E- 12 
7.9E- 11 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.5E-08 - I ILCR Summation - 



- 7  

-. . 
.r - 
.<.. 

IR 
FI 
EP 
EDn 
EDC 
BW 
ATe 
ATn 
cs 

Table H.W-112 
Summary of risk Quantitation (chemicals) 

Reference Receptor: Great Miami River User 
Via Ingestion of Vegetables and Fruit8 

CS X E F X  ED X FI X IR 
BWXAT 

Ingestion rate of fruits or vegetables 
Fraction ingested from contaminated source 
Exposure frequency 
*WC duration for non-carcinogem 
Exporure duration for carcinogens 
Body weight 
Average time for carcinogens Oifetimc) 
Average time for non -carcinogens (EDn x 365) 
Concentration of chemicals in vegctablcr 

CLciisrl Coaamhatiom 

Compouod Concentration Units 

antimony 
ardor-1254 
ardor-1260 
arsenic 
beryiiiim 
bcnm(a)pyrcnc 
cadmium 
1.2 - dichlorocthr 
magnesium 
manganese 
merculy 
silver 
23.7.8 -tcdd 
trichlorocthene 
uranium-total 

0.122 kglday 
0.5 (Unitlcsr) 
350 dayshar  

70 Year 
70 Year 
70 kg 

25550 days 
25550 days 

References 



Table HJV- 112 (continued) 
Summary of Risk Quanlitation (chemicals) 

Rcfcrcncc Receptor: Great Miami River User (Agricultural) 
Via Ingestion of Vegetables and Fruits 

Compound 

ILCR Calculation 
CDI CSP ILCR 

[mp/kg-day) (mfig-day)-' (unitlessL 

iroc~or-1254 
iroclor-1260 
irsenic 
aryllium 
auzo(a)pyrene 
admium 
1.2-dichloroethane 
nagmiurn 
naapnese 
nerury 
,aver 
!3,7.8-tCdd 
rthloroethene 
Iranium-total 

hmpound 
intimony 

A 
A 
A 
768-09 
29E-11 
A 
A 
A 
A 
3.48-01 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

HQ Calculation 
CDI RfD HQ 

[mp/kg-day) Im&-day) (unitless' 
3.SE-08 4.OE-04 8.7E-OS 

NA 
NA 

3.OE-04 
5.OE-a3 

LOE-a3 

9.7E+00 
1.4E-01 
3.OE-04 
5.OE-a3 

6.OE-03 
3.OE-03 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
VA 
YA 

76E-09 
29E-11 

NA 
YA 
NA 
NA 

NA 
NA 

A 

3.4E-07 

NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.5E-06 

1.lE-03 

* A  

I HQ Summation = 1.2E-03 

A 
A 
A 
A 
A 

A 
A 
A 
A 
A 
A 
A 
A 
A 

I antimony I 3.58-08 
aroc~or-1254 
a r d o r -  1260 
arsenic 
beryllium 
bemo(a)pyrene 
cadmium 
1.2-dichloroethane 
magnesium 
ma n p  nese 
merury 
silver 
23.7.8-Udd 
trc hloroethene 
uranium-total 

NA 
7.7E+00 
7.7E+00 
18E+00 
43E+00 
73E+00 

9.1E-02 
NA 

NA 
NA 
NA 
NA 

l.SE+OS 
l.lE-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

3.3E-08 
2.1E-10 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1 I 
3.3E-08 I ILCR Summation = 

I 
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B 

B 

D 

isk Equation 

IR 
FI 
EF 
EDn 
cv 

Table H.W- 113 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: Great Miami River User (Agricultural) 
Via Ingestion of Vegetables and Fruits 

CvX EF X EDn X FIX IR - - 

Ingestion rate of h i t s  or vegetables 
Fraction ingested from contaminated soum 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in vegetables 

3.68-04 p C i g  
ERR p C i g  

3.7E-01 p C i g  
l.lE+Ol p C i g  
6.OE-03 p C i g  
4.lE-05 p C i g  
3.2E-03 p C i g  
7.3E-02 p C i g  

ERR p C i g  
ERR p C i g  

0.122 kglday 
0.5 (Unitless) 
350 dayslyear 
70 Year 

ERR p C i g  
ERR p C i g  
ERR p C i g  
ERR p C i g  
ERR p C i g  
ERR p C i g  
ERR p C i g  
ERR p C i g  
ERR p C i g  
ERR p C i g  

CDI CSF ILCR 
!adionuclides (pCi) [pCi)-' (unitless) 

5.4E-01 
NA 

5.58+02 
1.7E+04 
9.OE+00 

4.8E+00 
l.lE+02 

6.2E-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.8E- 10 
1.4E- 12 
3.6E- 11 
1.3E- 12 
1.3E-11 
1.7E- 10 
1.6E- 11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.2E- 10 

2.OE-08 
2.2E-08 
1.2E- 10 
1.OE-11 
7.7E- 11 
2.2E-09 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.5E-08 - [ ILCR Summation - 



lilk Eputio. 

IR 
EP 
ED0 
EDc 
BW 
ATc 
ATn 
cs 

Table KIV-114 
Summary of risk Quantitation (chcmiub) 

Rcfcrarec Receptor: Great Miami River User (Rcsidcntial) 
Via Drinking Water Ingestion 

Ingestion rate of groundwater (RAGS 1989) 

exporure duration for non-carcioogc~~ 
Exposure duration for carcinogens 
Body weight 
Average time for ~ ~ I C ~ I I O ~ C O S  (lifelime) 
Average time for non-carcinogens (EDnx365) 
Concentration of chemicals in groundwater 

Exposure frequency 

CS X EP X ED X IR 
B W X A T  

C k r L . I  Co.a.tntiou 

Compound Concentration Units 

antimony 
ardor-1254 
ardor-1260 
arsenic 
beryllium 
benzo(a)pyrcoc 
cadmium 
1.2-dichloroctbanc 
magnesium 
manganese 
mercury 
silver 
43.7.8-lcdd 
trichloroctbene 
uranium - mal 

References 

2 Vday 
350 daysbar 

70 Year 
70 Year 
70 kg 

25550 d a p  
25550 d a p  

I 



Table H.IV- 114 
Summary of Risk Quaotitatioo (chemicals) 

Refereocc Receptor: Great Miami River User (Residential) 
Via 

-03 1.02E-OS 

-04 7.47E-03 

23.7.8 - tcdd 
trkhloroethene 
uranium- total 

NA ' NA 

Drioking Water Ingertioo 

Compound 
antimony 
aroclor-1254 
aroclor-1260 
arsenic 
belyllium 
benzo(a)pyrene 
cadmium 
1.2-dichloroethane 
magnesium 
mangnese 
mercury 
silver 
23.7.8-tcdd 

uranium-total 
trc hloroe thene 

I I I I 

I HQ Sumnution = 8.068-03 I ILCR Summation = 2.22E-07 

ILCR Calculation 
CDI CSF ILCR 

fmflg-day) fmflg-day)-' [ unitless 
2328-07 NA NA 

NA 7.70E+00 
VA 7.70E+00 
NA 1.75E+00 
5.12E-OB 430E+00 2.20E-0i 

VA NA NA 
NA 9.10E-02 
NA NA NA 
NA NA NA 
2.24E-06 NA NA 

NA NA NA 
NA 1.50E+05 

NA NA NA 
VA NA NA 
NA NA NA 
VA 'NA NA 
VA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
VA NA NA 
VA NA NA 
NA NA NA 

NA NA 

194E-10 730E+00 1.428-09 

NA 1.lOE-02 



isk Esuation 

IR 
EF 
EDn 
FI 
cw 

Table ILIV- 115 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: Great Miami River User (Residential) 
Via Ingestion of  Drinking Water 

CW X EF X EDn X FIX IR - - 

Ingestion rate of groundwater (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Fractional intake for radionuclides 
Concentration of radionuclides in groundwater 

7.4E-05 p C i  

7.4E-02 p C i  
2.2E+00 pCT 
1.2E-03 p C i  
8.4E-06 p C i  
6.6E-04 p C i  
1.5E-02 p C i  

p C i  

p C i  
p C i  

2 vday 
350 dayslyear 

1 (Unitless) 
70 Year 

(see table below) 

p C i  
p C i  

PCfl 
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  

PC? 

CDI CSF ILCR 
Radionuclides (pCi) (pCi)-' (unitless) 

3.6E+00 

3.6E+03 
1.1E+05 
6.OE+01 
4.1E-01 
3.2E+01 
7.3E+02 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.8E- 10 
1.4E- 12 
3.6E- 11 
1.3E- 12 
1.3E- 11 
1.7E- 10 
1.6E- 11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.8E-09 

1.3E-07 
1.4E-07 
7.8E- 10 
7.OE- 11 
5.2E- 10 
1.5E-08 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 
2.9E-07 - I ILCR Summation - 



Table H.k-116 
Summary of risk Qumtitaticm (chemicals) 

Reference Receptor: Great Miami River User (Rcsidmtid) 
Via Dermal Contact while Bathing 

risk EputiOa E 

DA 
EF 
ED0 
E!DC 
BW 
ATc 
ATn 
SA 

Dermal absorbed dosc 
Exporurc frcqucncy 
E x p o r ~ c  duration for non-carcinogcm 
Exporurc duration for carcinogens 
Body weight 
Average Iimc for carcinogens (lifctimc) 
Avcragc h c  for non-carcinogcns (EDnx36S) 
Skin surface area availablc for contact 

DA X E P X  ED X S A  
B W X A T  

Compund DA Units 

antimony 
. ardor-1254 

ardor-1260 
ancnic 
beryllium 
beozo(a)pyrcnc 
cadmium 
1.2-dichlorocthanc 
magncsium 
mangancsc 
mercury 
silver 

trichlorocthcnc 
uranium - total 

~3.7.a-lcdd 

Rcfcrcnccs 

2.12E - 1 1 mglcmZ- day 
mglemz-day 
mg/cm2 - day 
mglcm2-day 

4.68E-12 mglcm2-day 
2.00E-10 mglcm2-day 

mglcmz-day 
mglcmz- day 
mglcmz-day 
mglcm2-day 

2.092-10 mglcmz-day 
mglcm2-day 
mglcm2-day 
mglcm2-day 
mglcmz-day 
mglcmz-day 

uv mglcm2-day 
350 daystyear 

70 Ycar 
70 Year 
70 kg 

25550 days 
25550 days 
23WO cuiz 

Compound DA Units 

m g d - t i a y  
mglcm2-day 
mglcm2-day 
mgJcm2-day 
mglcmz-day 
mglcm2-day 
mglcm2-day 
mglcm2-day 
mglcm2-day 
mglcm2-day 
mglcmz- day 
mglcm2-day 
mdcm2-tiay 
mglcm2-day 
mglcmz-day 



Table KIV-116 (continued) 
Summary of Risk Quantitation (chemicals) 

Reference Receotor: Great Miami River User 

Compound 
antimonv 

Via 1 

ILCR Calculation 
CDI CSF ILCR 

(mflfl-day) (mflR-day)-' (unitless' 
6.688-09 NA NA 

bmpound 
lntimony 
lralor-1254 

lrsenic 
mryllium 
mzo(a)pyrene 
admium 
,2-dichloroethane 
nagnesium 
aanganese 
necury 
ilver 

richloroethene 
iranium-total 

IIOC~OI-1260 

!3,7,8- ledd 

HQ Calculation 
CDI RID HQ 

(mflg-day) (mg(lrR-day) (unitless: 
6.688-09 6.00E-05 1.llE-04 

7E-09 
OE-08 

4E-08 

, 

NA 
NA 
2BSE-04 
5.OOE-03 

5.00E - 05 

485E-01 
4.20E-03 
4.5OE-05 

NA 

NA 

NA 
NA 
588E-03 
1.5OE -04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

aroclor-1254 
aroclor-1260 
arsenic 
berjilium 
bemo(a)pyrene 
cadmium 
1.2-dicbloroethane 
magnesium 
manganese 
mercury 
silver 

tric hloroethene 
uranium - total 

23.7.8-tcdd 

NA 
NA 

295E-07 
NA 

NA 

1.438-03 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
1.47E-09 
6.30E-08 
NA 
NA 
NA 
NA 
6.44E-08 
NA 
NA 
NA 
VA 
NA 
VA 
YA 
NA 
NA 
YA 
..IA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 
I HQ Summation = 1.54E-00 

l.mE+Ol 
l.mE+Ol 
184E+00 
430E+00 

NA 
NA 

NA 
NA 
NA 
NA 

1.01E-01 

3.00E+O5 
1.12E-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.33E-09 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I ILCR Sommation = 6.33~-m 



a e -. 

risk Epmtion 

IR 
FI 
EF 
EDn 
EDc 
BW 
ATc 
ATn 
cs 

Table HJV-117 
Summary o f  risk Quantitation (chemicals) 

Reference Receptor: Great Miami River User (Recreational) 
Via Ingestion of Fish 

CS X EF X ED X FI X IR 
BWXAT 

Ingestion rate of fiih 
Fraction ingested from eontamhated source 
Exposure frequency 
Exposure duration for non-carcinogens 
Exposure duration for carcinogens 
Body weight 
Average time for carcinogens (lifetime) 
Average time for non-carcinogens (EDn x 365) 
Concentration of chemicals in meat 

Chemical Concsotn tiom 

References 

Compound Concenttation Units 

antimony 
aroclor-1254 
aroclor-1260 
arsenic 
beryllium 
benm(a)pyrene 
cadmium 
1.2 -dichloroethane 
magnesium 
manganese 
mercury 
silver 
2,3,7,8 - t d d  
trichloroethene 
uranium-total 

8.5E-06 
NA 
NA 
NA 

3.68-05 
1.8E-04 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

4.5E-01 

0.054 kg/day 
1 (Unitless) 

122 dayslyear 
30 Year 
30 Year 
70 kg 

25550 days 
10950 days 

QV 

Compound Concentration Units 

, 



Table H.IV- 117 (continued) 
Summary of Risk Quantitation (chemicals) 

Reference Receptor: Great Miami River User (Recreational) 
Via Ingestion of Fish 

Compound Compound 
antimony I 2.28-09 

ILCR Calculation 
CDI CSF ILCR 

(ma/kR-day) (mp/kg-day) (unitleu) 

aroclor 1254 
aroclor - 1260 
arsenic 
beryllium 
benzo(a)pyrene 
cadmium 
1.2- dichloroethane 
magnesium 
manganese 
mercury 
silver 

trichloroethene 
uranium - total 

2,3,7,8- tcdd 

A 
A 
A 
9.2E-09 
4.6E-08 
A 
A 
A 
A 
1.2E-04 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

4.OE-04 
NA 
NA 

3.OE-04 
5.OE-03 

NA 

NA 
1.OE-03 

9.7E+00 
1.4E-01 
3.OE-04 
5.OE-03 

6.OE-03 
3.OE -03 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

S.5E-06 
NA 
NA 
NA 

1.8E-06 
NA . 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.9E-01 

I I H Q  Summation = 3.9E-01 

, 

-total 

antimony 
aroclor - 1254 
aroclor - 1260 
arsenic 
beryllium 
benzo(a)pyrene 
cadmium 
1.2 - dichloroethane 
magnesium 
manganese 
mercury 
silver 

trichloroet hene 
uranium 

2,3,7,8 -tcdd 

9.4E-10 
A 
A 
A 
3.9E-09 
2.OE-08 
A 
A 
A 
A 
5.OE-OS 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

NA 
7.7E +00 
7.7E +00 
1.8E+00 
4.3E+00 
7.3E+00 

NA 

NA 
NA 
NA 
NA 

9.1E-02 

l.SE+OS 
l. lE-02 

NA 
NA 
NA 
NA 
NA . 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

1.7E-08 
1.5E-07 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

, I ILCR Summatioo = 1.6E-07 

-. . 



Table H.IV-118 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: Great M i d i  River User (Recreational) 
Via Ingestion of Fish 

- isk Equation - 

IR Ingestion rate of meat 

CfX EFX EDn X FI X IR 

FI 
EF Exposure frequency 
EDn Exposure duration 
Cf 

Fraction ingested from cm-minated source 

Concentration of radionuclides in meat 

R%26+8d 3.7E-06 

Sr90+ld 22E-03 

Th232+10d 25E-07 

b 2 2 2  NA 

T%9 3.3E-02 
m230 3.E-05 

'2351'236 1.3E-06 
%38+2d 3.OE-05 

NA 
NA 

0.054 kg/day 
1 (Unitless) 

122 dayslyear 
30 Year 

CDI CSF ILCR 
Ladionuclides (pCi) (pCi)-' (unitless) 

R??26+8d 

"9O+ld 
b 2 2 2  

%I9 
n230 
%32+1od 
'239236 
'238+2d 

1.8E-07 

22E-04 
1.9E-01 
7.3E-08 
5.OE- 10 
1.3E-06 
2.9E-05 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.8E- 10 
1.4E- 12 
3.6E-11 
1.3E- 12 
1.3E- 11 
1.7E- 10 
1.6E- 11 
2.OE-11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.4E- 16 

7.9E- 15 
24E- 13 
9.m- 19 
8.E-20 
2.1E-17 
5.9E- 16 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.5E- 13 - I ILCR Summation - 

NA pCi/kg 
NA pCi/kg 
NA PCik  
NA P c m  
NA pciflrg 
NA pCiikg 
NA P c m  
NA pCikg 
NA pCi/kg 
NA pcincg 



IRIW 
EF 
EDn 
EDc 
BW 
ATc 
ATn 
cs 

Table 1i.W- 119 
Summary of risk Quantitatim (chcmiuls) 

Referace Receptor: Great Miami River User (Rccrutimal) 
Via Incidental Ingestion While Wuii ig  

Ingestion rate of rurfacc water 

Exporurc duration for non-carcinogens 
Exposure duration for carcinogens 
Body weight 
Average time for carcinogens (lifetime) 
Average time for non-carcinogens (EDn~365)  
Concentration of chemicals in surface water 

exposure frequency 

CS X EP X ED X IR 
BW X AT 

Compound DA Units 

antimony 
ardor-1254 
ardor-1260 
arsenic 
bcryilium 
bcnlo(a)pyreoc 
cadmium 
1.2-dichlorocthanc 
magnesium 
manganese 
mercury 
silver 
23.7.8-lcdd 
trichlorocthcnc 
uranium - total 

8.48B-06 mglcm2-d 
mglcm2-d 
mglcm2-d 
mglcm2-d 

1.878-06 mglcm2-d 
7.08B-09 mglcm2-d 

mglcm2-d 
mglcm2-d 
mglcm2-d 
mgfcm2-d 

8.18E-OS mglcm2-d 
mglcm2-d 
mglcm2-d 
mglcm2-d 
mglcm2-d 
mglcm'-d 

0.035 Uday 

30 Year 
30 Year 
70 kg 

10950 dayr 
10950 days 

7 dayrhcai 

Compound DA Units 

mglcml-d mglcm2-d 

mglcm2-d mglcm2-d 

mglcml-d mglcm2-d 

mglcm2-d mglcm2-d 

mglcm2-d 
mglcm2-d mglcm2-d 

mglcm2-d 
mglcm2-d 
mglcm2 - d 
mglcm*-d 

References 



W '  

kmpound 
1ntimony 

Table H.IV- 119 (continued) 
Summary of Risk Quantitation (chemicals) 

Rcfcrcncc Receptor: Great Miami River User (Recreational) 

HQ Calculation 
CDI RfD HQ 

(mag-dav)  [mfikg-day) [unitless) 
8.13E-11 4.00E-04 2.mE-07 

NA 
VA 
NA 
1.79E-11 
6.79E-14 
NA 
NA 
YA 
NA 
7848-  10 

NA 
VA 
NA 
NA 
NA 
VA 
YA 
NA 
NA 
NA 

1roclor-1~~4 
troclor - 1260 
irsenic 
xrjUium 
benzo(a)pyrene 
:admiurn 
1,2-dkhloroethane 
nagnesium 
nanpnese 
nercury 
,aver 
!3,7,8 - kdd 
rthloroethene 
iranium-total 

NA 
VA 
YA 
VA 
YA 

NA 
NA 
3.00E-04 
S.OOE-03 

1.00E-03 

9.70E+00 
5.00E-03 
3.00E-04 
S.00E-03 

NA 

NA 

NA 
6.00E - 03 
3.CQE- 03 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
3.598-09 

ERR 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

261E-06 

I 
I HQ Snmm8tioo = ERR 

ental Ingestion While Wading 
I ILCR Calculation 
I CDI I ILCR 

rroc~or- 1254 
rroclor-1260 
rrsenic 
beryllium 
bemo(a)pyrene 
rdmium 
1.2-dkhloroethane 
magnesium 
manpnese 
merury 
iilver 
t3.7.8-tcdd 
trthloroethene 
mnium-total 

7.70E+00 
7.70E+00 
1.7SE+00 
4ME+00 
730E+00 

9.10E-M 
NA 

NA 
NA 
NA 
NA 
l.SOE+OS 
1.10E - 02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
7.71E-11 
4968-13 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I ILCR Snmmrtioo = 7.768- 11 

I 

I 



. .  
' I  

Table H.W- 120 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: Great Miami River User (Recreational) 
Via Incidental Ingestion while Wading 

risk Equation 

IRsw 
EF 
EDn 
FI 
cs 

CsXEFXED - - 

Ingestion rate of surface water 
Exposure frequency 
Exposure duration for non-carcinogens 
Fractional intake for radionuclides 
Concentration of radionuclides in surface water 

7.378-05 pCp 

7.438-02 p C i  

l.23E-03 p C i  
8.43E-06 p C i  
6.61E-04 p C i  
1.498-02 pC? 

PC'" 

2.23E+00 pCffl 

PCJl 
p C i  

LFIXIR 

0.035 Vday 

30 Year 
7 daysbear 

1 (Unitless) 

p C i  
p C i  

P C i  
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  

PC'" 

5.42E-04 

5.46E-01 

9.04E-03 
6.20E- 05 
4.86E-03 
1.lOE-01 

NA 

1.64E+01 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.80E- 10 
1.40E-12 
3.60E- 11 
1.30E- 12 
1.30E-11 
1.70E- 10 
1.60E-11 
2.00E- 11 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.238- 13 

1.97E- 11 
2.13E-11 
1.18E-13 
1.05E- 14 
7.77E- 14 
2.19E- 12 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

L 
4.388- 11 - [ILCR Summation - 



DA 
EP 
EDn 
E D C  

BW 
ATc 
ATn 
SA 

Table €f.IV-121 
Summary of risk Quaatitation (chemicals) 

Reference Receptor: Great Miami River User (Recreational) 
Via Dermal Contact while Wading 

DAX EP X ED X SA 
BW X AT 

Dermal absorbed dose 
Exposure frequency 
J5posure duration for non-carcinogens 
Exposure duration for carcinogens 

Average time fa carcinogens (lifetime) 
Average time f a  non-carcinogens (EDn x 365) 
Skin surface area available for contact 

Body weight 

Canpound DA units 

antimony 
aroclor-1254 
aroclor-1260 
arsenic 
beryllium 
h c ( a ) p y r e n e  
cadmium 
12 -dichloroe~aE 
magnesium 
manganese 
mercury 
Silver 
23.78-lcdd 
lriddoroehene 
uranium - total 

2.12E-11 mg/cm2-day 
mg/cm2-day 
mg/cm2-day 
mg/cm2-day 

4.68E- 12 mg/cm2-day 
2.00E-10 mg/cm2-day 

mg/cm2-day 
mg/cm2-day 
mglcm2-day 
mg/cm2 -day 

2.OSE-10 rng/em2-day 
mg/cm2-day 
mg/cm2-day 
mg/cm2-day 
mg/crn2-day 
mg/cm2-day 

References 

csv mg(cm2-day 

30 Year 
30 Year 

25550 days 
25550 days 
23wO cm2 

7 &Wear 

70 kg 

Canpound DA Units 

mg/cm2-day 
mg/cm2-day 
mg/cm2-day 
mg/cm2-day 
mg/cm2-day 
mg/cm2-day 
mglcm2-day 
mg/cm2-day 
mg/cm2-day 
mg/cm2-day 
mg/cm2-day 
mg/cm2-day 
mg/cm2-day 
mg/cm2-day 
mg/cm2-day 



. .  

3mpound 
intimonv 

Table H.IV-.lZl (continued) 

ILCR Calculation 
CDI CSF ILCR 

[mflg-day) [man-day) [unitless) 
5348-10 NA NA 

Summary of  Risk Quantiiation (chemicals) 
Reference Receptor: Great Miami River User (Recreational) 

Via Dermal Contact while Bathing 
HQ Calculation 

I CDI I RID I HQ 

NA 
VA 
VA 
1.18E-10 
2.528-09 

NA 
NA 
NA 
VA 
5.15E-09 

NA 
NA 
A 

)ompound I (mp/kR-day) I (mp/kR-dav) I [unitless) 
intimony I I .~sE-@ ~.OOE-OS Z.OBE-OS 

k A  
NA 
NA 
2.75E-10 
588E-09 

NA 
NA 
NA 
VA 

VA 
VA 
VA 
VA 
NA 
NA 
A 

1.20E-08 

i10d0li124 
,roclor- 1260 
irsenic 
wqilium 
lem(a)pyrene 
rdmium 
L.2 - dkhloroetha ne 
nagnerium 
nangnuc  
neaury 
;aver 
!3.7,8-tedd 
richloroethene 
iranium-total 

A 
YA 
YA 
VA 
VA 
VA 
VA 
VA 
VA 
YA 
VA 
YA 
VA 
NA 
VA 

NA 
NA 
VA 
VA 
NA 

NA 
NA 
285E-04 
5.OOE-03 

5.OOE-OS 
NA 

NA 
485E-01 
4.20E-03 
4.5OE-05 

NA 
NA 
588E-03 
1 .SOE -04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
VA 
NA 
NA 

NA 
NA 

5.50E-08 
NA 

NA 

267E-04 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 

I HQ Snmmation = 2888-04 

iroclor-1254 
iroclor-1260 
irsenic 
xqUium 
mzo(a)pyrene 
:admiurn 
L.2-dkhloroethane 
nagnesium 
nanganese 
neaury 
dver 
t.3.7.8 - tcdd 
rthloroethene 
iranium-total 

1.03E+01 
1.00E+01 
184E+W 
430E+OO 5.07E-10 

NA NA 
NA NA 

NA NA 
NA NA 
NA NA 
NA NA 

1.01E-01 

3.MJE+OS 
1.12E-02 

NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 

I 

1 ILCR Snmmalion = 5.07E-10 

.. . 

- L .  

I m 
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H.V BACKGROUND CONTRIBUTIONS TO RISK 

The consideration of background concentrations plays an important role in the development of risk 
assessment. Many background constituents occur naturally in concentrations that present potential 
toxic and/or carcinogenic risks. Ignoring the risks contributed by background concentrations may 
result in virtually unattainable cleanup levels, both from an economic and engineering standpoint. 

Because some the chemicals and radionuclides found at the FEMP site occur naturally, it is 
reasonable to consider their contributions to risk. The approach taken for the CRARE subtracts 
background concentrations for those chemicals and radionuclides deemed to occur naturally to present 
only the incremental risk as a result of F E W  operations. 

This attachment presents optional approaches used to quantify risk to the 11 RME receptors identified 
in Section H.4.0 of this CRARE, using various assumptions with respect to background contributions. 
The purpose of this analysis is to evaluate the effect on risk calculations as a result of background 
considerations. 

In addition to the approach taken by the CRARE, two other approaches were taken to evaluate the 
effects on risk as a result of background contributions. The methodology for quantifying risk is the 
same for the three approaches. 
consideration of background contributions. A discussion of each approach is presented below. 

However, exposure-point concentrations differ depending on the 

Option A evaluated the “total risk” to hypothetical receptors from the postremedial FEMP site. 
Under this option, exposure-point concentrations were developed that included the levels contributed 
as a result of naturally occurring background compounds. Table H.V-1 presents the exposure-point 
concentrations developed to estimate total risk. 

Option B evaluated the total risk minus contributions from naturally occurring radionuclide levels. A 
second set of exposure point concentrations were developed for this option and are presented in Table 
H.V-1. 

The CRARE approach accounts for contributions from background levels of radionuclides and 
inorganic compounds. Representative background concentrations for radionuclides and inorganic 
compounds were subtracted from the COC-specific site-wide average concentration to yield a 
concentration representing incremental risk. Incremental risk (Le., the risk posed as a result of 
residual concentrations above background) were calculated for the 11 RME receptors. These risks 
are presented in Attachment IV and summarized for comparison purposes in this attachment. 
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TABLE H.V-1 

OWION A 
EXPOSURE POINT CONCENTRATIONS 

On-Air On-Air Off-Air off-SL O n 4 W  off-OW OnSED OMR-SWF OffSL Site Contribution 
PH 

COC On-Site OnSite Fenceline On-Site Soil Future On- Future Off- Future On- Future OM Future Off- Future OffSite 
Air Max Air Avg Off-Site Air Avg Site OW Site OW Well Site Surfacs River Surface Site Soil Air 

pcilm' 

Well 13 207 1 Water Water 

pci/m' pCilm' pCilg mglkg pCilL pC2L pCiL pCilL P W  pci/m'mg/m' 
mglm' mglm' mglm' mglL mglL mglL mglL m g k  

Radionuclides 
Radium 

Radon 

Strontium 

Technetium 

Thorium 
Thorium 

Uranium 

Uranium 

b O r g a n i E s l O r g ~  

Antimony 

Arocl~r-1254 
Aroclor-1260 

Arsenic 

Beryllium 

Benzo(a)pyrene 
Cadmium 

1,2-Dichloroethane 

Magnesium 

Manganese 

Mercury 

Silver 

2,3,7,8-TCDD 

Trichloroethene 
Uranium, total 

1.57 x 106 

2.20 x 1 0  

2.38 x lo7 
1.59 x 10' 

1.80 x 106 

6.97 x 10' 

5.27 x 10' 

3.87 x lod 

2.79 x IO9 

5.27 x 10" 

3.86 x 109 
4.56 x 1 0 1 0  

1.28 x 10" 

3.91 x IOLo 

5.71 x 106 

5.21 x 1 0 7  

1.32 x io9 
1.71 x 10'' 

7.70 x IO" 
1.16 x 10' 

8.16 x 1 0 7  

1.13 x 10' 

1.86 x 10' 

1.38 x 10' 

1.25 x 106 

6.01 x lo7 
4.65 x 10'' 

3.56 x 106 

8.16 x 10' 

1.13 x 10 

1.86 x IO1 

1.38 x 10' 

1.25 x 106 

6.01 x 10' 

4.65 x l(r 
3.56 x 106 

2.02 x 109 

1.58 x 10" 

2.02 x 109 

1.58 x 10" 

3.16 x 109 
3.46 x 10"' 

1.11 x 10" 

3.03 x 10" 

3.16 x IO9 

3.46 x 1010 

1.11 x 10" 

3.03 x 1 0 1 0  

1.84 x 106 

4.46 x 10' 
1.48 x 10" 

1.13 x 109 

1.84 x 106 

4.46 x 10' 
1.48 x 1 0 1 0  

1.13 x IO9 

4.42 x 10'' 

1.07 x 10" 
4.42 x 10" 

1.07 x 10' 

1.60 x 16 5.90 x 10' 

3.69 x IO1 
2.50 x 10' 

2.14 x 1 6  

1.11 x I 6  
7.06 x 10' 

3.85 x I 6  

6.78 x 10' 

3.88 x 10 

2.27 x IO1 

3.31 x 1 6  

3.97 x 16 

2.46 x 10' 

5.75 x 16 

6.62 x 10' 

2.00 x 10' 

5.96 x IO1 

6.28 x 10' 

4.75 x 10' 

8.12 x I @  

2.09 x 10' 

1.84 x I 6  

6.69 x 10' 

6.42 x 10' 
2.66 x 10lo 

7.55 x l (r  

1.16 x IO' 9.02 x 10' 

6.50 x 10' 

2.24 x 10 

1.77 x 10' 

2.17 x 1 6  

2.69 x lV 

1.05 x I@ 
6.38 x 10' 

1.99x 106 

5.61 x IO' 

3.51 x IO' 

2.05 x I@' 

3.06 x IO' 
1.66 x 104 

7.45 x IO' 
8.98 x IO1 

1.04 x 104 

1.14 x 10' 

2.38 x 10' 

1.29 x 10" 

1.92 x I@ 
1.42 x 10' 

1.01 x 10' 

5.04 x I 0 4  

4.10 x 10' 

7.43 x 10' 

2.23 x 16 

3.61 x 10' 

8.44 x 106 

2.51 x lo1 
7.75 x 10' 

8.48 x 106 

8.72 x io' 

7.08 x 1 0 9  

1.87 x I 0 6  

4.21 x 16 

1.15 x 10' 

8.18 x 10' 

4.47 x IO' 

9.00 x 10' 

2.65 x lo1 
2.50 x 10' 

1.77 x 1 6  

8.98 x 10' 

1.12 x 10' 

2.40 x 1 6  

1.30 x 1 6  

2.20 x 10' 

3.79 x 16 

4.49 x 10' 

2.00 x 10' 

4.90 x 10' 

2.19 x 10' 

6.47 x ICY 
5.50 x 10' 

4.80 x 10' 

2.00 x 10' 

7.20 x I 6  

5.58 x lo7 

7.54 x 16 
1.41 x IO' 
3.34 x 107 

9.41 x lo1 

4.64 x 1 0 7  

4.55 x 10'' 
2.09 x 106 

1.17 x 109 

1.18 x 10" 

2.23 x 109 
2.51 x 10'O 

9.34 x 10" 
2.43 x 10'O 

1.29 x 106 

3.40 x 10' 

7.67 x 10" 
5.99 x 10'0 

6.43 x 10'' 

6.27 x 1 0 9  



TABLE H.V-2 

OPTION B 
EXPOSURE POINT CONCENTRATIONS 

On-Air On-Air Off-Air off-SL O n 4 W  off-OW On-SED OMR-SWF Off-SL Site Contribution 
PH 

Air Max Air Avg Off-Site Air Avg Site OW Well Site OW Site Surface River Surface Site Soil Air 

pcilrn' pcim' pCilm' pCilg mglkg pCi/L pCilL pCi/L pCi/L PCih pcilm' 
mglm' rnglm' mglm' mglL mg/L mglL mglL mg'b mglm' 

, I  

COC On-Site On-Site Fenceline On-Site Soil Future On- Future Off- Future On- Future OM Futum Off- Future Off-Site 

13 Well 2071 Water Water 

Radionuclides 
Radium 

Radon 

Strontium 

Technetium 
Thorium 

Thorium 

Uranium 

Uranium 

Inorganics/organics 
Antimony 

Aroclor-1254 
Aroclor-1260 
Arsenic 
Beryllium 

Benzo(a)pyrene 

Cadmium 

1,2-DichIoroethane 

Magnesium 

Manganese 

Mercury 

Silver 

2,3,7,8-TCDD 
Trichloroethene 

Uranium, total 

7.92 107 

1.07 x 10' 
7.90 x 10' 
1.59 x 10' 

8.43 x 1 0 7  

8.00 x 109 

3.18 x lo6 

2.79 x lo9 
5.27 x 10'' 

3.86 x 109 

4.56 x 10'O 
1.28 x 10" 

3.91 x 1 0 ' O  

5.71 x 106 
5.21 x 10' 
1.71 x 10" 
1.32 x lo9 

7.70 x lW3 
1.16 x IO8 

1.42 x 10' 1.42 x 10' 3.84 x IO1 

1.84 x 16 1.84 x 16 
4.80 x 10'' 4.80 x 10' 1 .I9 x lo1 
1.38 x 10' 1.38 x 10' 2.50 x 10' 

4.21 x lo7 4.21 x 10' 6.45 x 10' 

4.00 x 109 4.00 x lo9 3.17 x 10' 

2.96 x 106. 2.96 x 106 2.77 x 16 

2.02 x 109 2.02 x 109 3.97 io0 
1.58 x 10" 1.58 x 10" 2.46 x 10' 

3.16 x 109 3.16 x lo9 5.75 x 1U' 
3.46 x lOL0 3.46 x 1010 6.62 x IO1 

1.11 x 10" 1.11 x 10" 2.00 x IO' 
3.03 x 10'O 3.03 x 10lo 5.96 x IO1 

1.84 x 106 1.84 x 106 4.75 x 10' 

4.46 x 10' 4.46 x 10' 8.12 x 102 

1.48 x 10" 1.48 x 10" 2.09 x 10' 

1.13 x 109 1.13 x IO9 1.84 x 1U' 

4.42 x 10" 4.42 x lW3 7.55 x l ( r  

1.07~10' 1 . 0 7 ~ 1 0 ~  1 . 1 6 ~  IO' 

3.28 x 1010 

2.83 x 10' 
1.68 x IO' 

1.33 x 10' 

3.01 x 16 

6.28 x IO' 

6.69 x 10' 
6.42 x 10' 

2.66 x 10'O 

9.02 x 10' 

I 

1.45 x 10' 

5.36 x 106 
4.18 x 10' 

1.09 x 10' 

3.06 x 10' 
1.66 x 1Ct' 

7.45 x 10' 

1.68 x 10' 

8.29 x 10' 

1.87 x 16 

1.04 x l(r 

2.69 x l(r 1.14 x 10' 
2.38 x 10' 

1.29 x l(r 

1.05 x 1U' 
6.38 x 10' 
1.99 x 106 

1.92 x IO' 

1.42 x 10' 

1.01 x 10' 

5.61 x 10' 5.04 x lW 

7.37 x 10' 

7.43 x 10' 
2.23 x 16 
1.23 x 10' 
8.44 x lo6 
6.61 x lCt' 

1.49 x 10' 

8.48 x 106 

8.72 x 10' 
1.87 x 106 

7.08 x 109 

4.21 x 18 

1.15 x 10' 
8.18 x 10' 

4.47 x 10' 

6.17 x l(r 
8.00 x 10' 
2.43 x 10" 1.50 x 10' 

2.50 x 1 0 1  3.34 x 107 

2.65 x 10' 2.43 x 10' 
1.74 x 109 
4.95 x 109 
1.58 x 106 

2.19 x 10' 

1.32 x 1(P 

1.30 x 16 
2.20 x 10' 

1.17 x 109 

1.18 x 10" 

3.79 x 16 
4.49 x 10' 

2.23 x 109 

2.51 x 10" 
9.34 x 10'' 2.00 x 10' 

4.90 x 10' 2.43 x 10'O 

2.19 x 10' 
6.47 x 101 
5.50 x 10' 
4.80 x 10' 

1.29 x 106 
3.40 x 10' 

7.67 x 10" 
5.99 x 10" 

2.00 x 10' 

7.20 x 16 
6.43 x 10" 

6.27 x lo9 
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Tables H.V-3 through H.V-13 compare potential health effects, calculated using the three options, by 
receptor and pathway. Risk calculations for Options A and B are presented in Sections H.V.l and 
H.V.2, respectively. Risk calculations for the CRARE are presented in Attachment IV. . 

H.V. 1 RISK CHARACTERIZATION USING OPTION A 
This section presents the risk p d  HI estimates for the target and reference receptors by pathway. 
Table H.V.l-1 summarizes the total HI and ILCR for each receptor. Complete calculation sheets of 
the risk values can be found in Tables H.V. 1-2 through H.V. 1-121. The target receptors are 
presented first, followed by the reference receptors. 

H.V.2 RISK CHARACl'ERIZATION USING OPTION B 
This section presents the risk and HI estimates for the target and reference receptors by pathway. 
Table H.V.2-1 summarizes the total HI and ILCR for each receptor. Complete calculation sheets of 
the risk values can be found in Tables H.V.2-2 through H.V.2-121. The target receptors are 
presented first, followed by the reference receptors. 
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TABLE H.V-3 

SUMMARY OF POTENTIAL HEALTH EFFECTS: 
UNDEVELOPED PARKUSER 

Exposure Pathway OptionA OptionB CRARE 

Inhalation of particulates (chemicals) 1.2 x 104 1.2 x lo4 NA 

Dermal contact with residual soils (chemicals) 4.6 x lo-' 4.6 x 10' 8.2 x l o 3  
Ingestion of meat (chemicals) NA NA NA 
Ingestion of dairy products (chemicals) NA NA NA 
Ingestion of vegetables and fruit (chemicals) NA NA NA 
Ingestion of fish (chemicals) NA NA NA 
Ingestion of drinking water (chemicals) NA NA NA 
Dermal contact while bathing (chemicals) NA NA NA 

Incidental ingestion of residual soils (chemicals) 1.4 x 1 0 3  1.4 10-3 1.6 104 

Incidental ingestion while wading (chemicals) 7.5 x 104 7.5 x io4 5.7 104 
Dermal contact while wading (chemicals) 3.1 x 10-3 3.1 10-3 1.6 10-3 

Noncarcinogenic Pathway Summation = 5.1 x 1w2 5.1 x 1.0 x 

Exposure Pathway Option A Option B CRARE 

Inhalation of particulates (chemicals) 
Inhalation of particulates (radionuclides) 
Incidental ingestion of residual soils (chemicals) 
Incidental ingestion of residual soils (radionuclides) 
Dermal contact with residual soils (chemicals) 
Ingestion of drinking water (chemicals) 
Ingestion of drinking water (radionuclides) 
Dermal contact while bathing (chemicals) 
Incidental ingestion while wading (chemicals) 
Dermal contact while wading (chemicals) 
Incidental ingestion while wading (radionuclides) 
Ingestion of meat (chemicals) 
Ingestion of meat (radionuclides) 
Ingestion of dairy products (chemicals) 
Ingestion of dairy products (radionuclides) 
Ingestion of vegetables and fruit (chemicals) 
Ingestion of vegetables and fruit (radionuclides) 
Ingestion of fish (chemicals) 
Ingestion of fish (radionuclides) 
Direct radiation 

Carcinogenic Pathway Summation = 

2.1 x to-" 
4.3 x 1 0 '  
4.6 x 10-7 
6.4 1044 

6.5 x 10-7 
NA 
NA 
NA 

4.2 x 10' 

6.4 x 10' 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.4 x 1oJ 

8.0 x 109 

1.3 10-5 

2.1 x lo-'' 
7.3 x 10-9 
4.6 10-7 
1.5 x 1044 

6.5 x 
NA 
NA 
NA 

4.2 x 
9.6 x 10'' 
6.4 x 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.8 x lod 

3.0 x lod 

6.5 x 10'' 

3.2 x 
7.3 x 

1.5 x 10-i4 

2.2 10-7 
NA 
NA 
NA 

4.2 x 
9.6 x lo-'' 
6.4 x 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

.8 x 

2.2 x lod 
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TABLE H.V-4 
SUMMARY OF POTENTIAL HEALTH EFFECTS: 

OFF-PROPERTY RESIDENT FARM ADULT 

Exposure Pathway OptionA Option B CRARE 

Inhalation of particulates (chemicals) 
Incidental ingestion of residual soils (chemicals) 
Dermal contact with residual soils (chemicals) 
Ingestion of meat (chemicals) 
Ingestion of dairy products (chemicals) 
Ingestion of vegetables and fruit (chemicals) 
Ingestion of fish (chemicals) 
Ingestion of drinking water (chemicals) 
Dermal contact while bathing (chemicals) 
Incidental ingestion while wading (chemicals) 
Dermal contact while wading (chemicals) 

6.5 x lo3 
5.9 x 10' 
1.9 x 10' 

5.4 x 10' 
2.5 x loo 

NA 
1.1 x 10' 
3.3 x lo2 

NA 
NA 

2.3 x 103 

6.5 x 10' 
5.9 x lo2 
1.9 x 10' 

5.4 x 10' 
2.5 x loo 

NA 
1.1 x 10' 
3.3 x lo2 

NA 
NA 

2.3 x 103 

NA 

2.1 x 10' 
7.3 x 10" 
2.6 x 10' 
3.9 x 10' 

NA 
4.7 x lo2 
2.7 x 10' 

NA 
NA 

3.3 x 1 0 3  

Noncarcinogenic Pathway Summation = 3.5 x l@ 3.5 x 100 1.6 x lo-' 

Inhalation of particulates (chemicals) 
Inhalation of particulates (radionuclides). 
Incidental ingestion of residual soils (chemicals) 
Incidental ingestion of residual soils (radionuclides) 
Dermal contact with residual soils (chemicals) 
Ingestion of drinking water (chemicals) 
Ingestion of drinking water (radionuclides) 
Dermal contact while bathing (chemicals) 
Incidental ingestion while wading (chemicals) 
Dermal contact while wading (chemicals) 
Incidental ingestion while wading (radionuclides) 
Ingestion of meat (chemicals) 
Ingestion of meat (radionuclides) 
Ingestion of dairy products (chemicals) 
Ingestion of dairy products (radionuclides) 
Ingestion of vegetables and fruit (chemicals) 
Ingestion of vegetables and fruit (radionuclides) 
Ingestion of fish (chemicals) 
Ingestion of fish (radionuclides) 
Direct radiation 

1.0 x 1U8 
2.8 x 
2.2 x I O 5  
4.1 x 
3.1 x 10" 

4.8 x 10" 

NA 
NA 
NA 

4.7 x lo8 

1.3 x 105 

3.9 x 107 

3.5 10-9 
1.7 10-5 
2.8 1 0 5  

5.8 10-5 
2.4 x 10" 

NA 
NA 

5.5 x 104 

1.0 x lo8 
2.2 x lo-5 
3.1 x lo6 

1.9 x 10" 

NA 
NA 
NA 

4.7 x lo8 

3.1 107 

1.4 107 

1.3 10-5 

3.9 x 107 

2.5 x 10-9 
1.7 x 1 0 5  

1.2 x 10-5 
2.4 x 10" 
7.3 x 

NA 
NA 

3.0 x lo6 

( 
Exposure Pathway OptionA Option B CRARE 

2.0 x lO-'O 
3.1 x 107 
7.8 x 1 0 7  

1.4 107 
1.1 x 
0.0 x l o o  
1.9 x lo6 
0.0 x loo 

NA 
NA 
NA 

1.0 x 
2.5 109 
1.3 x 10-5 
1.2 x 10-5 
3.2 x 
7.3 x lo6 

NA 
NA 

3.0 x lo6 

Carcinogenic Pathway Summation = 9.5 x 10-4 3.2 x 104 4.3 x loJ 
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TABLE H.V-5 

SUMMARY OF POTENTIAL HEALTH EFFECTS: 
OFF-PROPERTY RESIDENT FARM CHILD 

Exposure Pathway Option A Option B 

Incidental ingestion of residual soils (chemicals) 3.1 x 10' 
Dermal contact with residual soils (chemicals) 3.1 x lo-' 
Ingestion of dairy products (chemicals) 5.6 x 100 

1.0 x 10' 
Ingestion of fish (chemicals) NA NA 
Ingestion of drinking water (chemicals) 2.7 x 10' 
Dermal contact while bathing (chemicals) 1.5 x 10' 
Incidental ingestion while wading (chemicals) NA NA 
Dermal contact while wading (chemicals) NA NA 

Inhalation of particulates (chemicals) 1.8 x lo2 1.8 x lo2 

Ingestion of meat (chemicals) 4.3 x 1 0 3  4.3 1 0 3  

Ingestion of vegetables and fruit (chemicals) 

3.1 x lo-' 
3.1 x lo-' 
5.6 x 100 
1.0 x lo' 

2.7 x 10' 
1.5 x 10' 

Noncarcinogenic Pathway Summation = 1.7 x 10' 1.7 x 10' 

NA 
1.7 x lo-* 
3.4 x lo2 

2.7 x 10' 
1.6 x 10' 
NA 

1.1 x 10' 
1.3 x lo-' 
NA 
NA 

7.2 x lo'' 

1.3 x 1 0 5  

Exposure Pathway 

Inhalation of particulates (chemicals) 
Inhalation of particulates (radionuclides) 
Incidental ingestion of residual soils (chemicals) 
Incidental ingestion of residual soils (radionuclides) 
Dermal contact with residual soils (chemicals) 
Ingestion of drinking water (chemicals) 
Ingestion of drinking water (radionuclides) 
Dermal contact while bathing (chemicals) 
Incidental ingestion while wading (chemicals) 
Dermal contact while wading (chemicals) 
Incidental ingestion while wading (radionuclides) 
Ingestion of meat (chemicals) 
Ingestion of meat (radionuclides) 
Ingestion of dairy products (chemicals) 
Ingestion of dairy products (radionuclides) 
Ingestion of vegetables and fruit (chemicals) 
Ingestion of vegetables and fruit (radionuclides) 
Ingestion of fish (chemicals) 
Ingestion of fish (radionuclides) 
Direct radiation 

B 
Option A 

2.4 x 10-9 
1.4 x 10-7 

3.9 10-7 
4.4 x 10-7 

2.1 x 10-7 
1.6 x 107 

9.7 x l o 6  

2.6 x lod 

NA 
NA 
NA 

1.2 x 10'O 

5.4 x 

4.3 x lod 
NA 
NA 

7.3 x 109 

1.6 10-5 

8.4 x 10-5 

4.1 105 

Option B CRARE 

2.4 1 0 9  

1.6 x lo-' 
9.7 x lo6 
1.3 x l o 8  

2.6 x loa 
8.2 x lo-' 

NA 
NA 
NA 

8.2 x lo-'' 

2.4 x 

4.4 x 1 0 7  

1.6 x 1 0 7  

7.3 x 1 0 9  

1.6 x 10-5 

8.4 x 10-5 
5.4 10-7 

2.3 x 1 0 7  

NA 
NA 

4.9 x 10" 
1.6 x lo-' 

1.3 x l o 8  

0.0 x 100 
8.2 x lo-' 
0.0 x loo 
NA 
NA 
NA 

8.2 x 10" 

2.4 x 
1.1 x lo6 

NA 
NA 

3.5 x 107 

1.5 x 107 

1.6 x 10-9 

1.2 x 1 0 5  

5.4x 107 

2.3 x 107 

Carcinogenic Pathway Summation = 1.6 x 104 1.2 x lo4 1.7 x lW 
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TABLE H.V-6 

SUMMARY OF POTENTIAL HEALTH EFFECTS: 
ON-PROPERTY RESIDENT FARM ADULT 

Exposure Pathway Option A Option B CRARE 

Inhalation of particulates (chemicals) 1.0 x lo2  1.0 x 1.1 x 10' 
Incidental ingestion of residual soils (chemicals) 1.0 x 10' 1.0 x lo1 1.1 x 

Ingestion of meat (chemicals) 8.5 x 103 8.5 x 103 8.9 x 10-5 

Ingestion of vegetables and fruit (chemicals) 4.9 x loo 4.9 x loo 4.7 x 10' 

Dermal contact with residual soils (chemicals) 3.0 x 10' 3.0 x lo-' 5.4 x lo-* 

Ingestion of dairy products (chemicals) 1.3 x 100 1.3 x 10' 2.6 x lo-' 

Ingestion of fish (chemicals) NA NA NA 
Ingestion of drinking water (chemicals) 4.3 x 10' 4.3 x lo-' 1.6 x lo-' 
Dermal contact while bathing (chemicals) 5.9 x 10' 5.9 x 10' 4.8 x lo-' 
Incidental ingestion while wading (chemicals) NA NA NA 
Dermal contact while wading (chemicals) NA NA NA 

Noncarcinogenic Pathway Summation = 7.1 x 10'' 7.1 x 10" 1.0 x loo 

Inhalation of particulates (chemicals) 
Inhalation of particulates (radionuclides) 
Incidental ingestion of residual soils (chemicals) 
Incidental ingestion of residual soils (radionuclides) 
Dermal contact with residual soils (chemicals) 
Ingestion of drinking water (chemicals) 
Ingestion of drinking water (radionuclides) 
Dermal contact while bathing (chemicals) 
Incidental ingestion while wading (chemicals) 
Dermal contact while wading (chemicals) 
Incidental ingestion while wading (radionuclides) 
Ingestion of meat (chemicals) 
Ingestion of meat (radionuclides) 
Ingestion of dairy products (chemicals) 
Ingestion of dairy products (radionuclides) 
Ingestion of vegetables and fruit (chemicals) 
Ingestion of vegetables and fruit (radionuclides) 
Ingestion of fish (chemicals) 
Ingestion of fish (radionuclides) 
Direct radiation' 

1.8 x 10' 
8.0 x 106 
3.3 x 1u5 
6.9 x l o 6  
4.3 x lod 
3.0 x 10' 

9.1 x 10" 
NA 
NA 
NA 

6.6 x 10' 

3.0 105 

4.1 109 
2.0 105 
3.6 x 1 0 5  
3.6 x lo4 
8.8 x lo5 

NA 
NA 

8.0 x 104 

1.8 x 10' 
3.9 x 

1.6 x 
4.3 x l o 6  
3.0 x 10' 
4.2 x 
9.1 x 10" 

NA 
NA 
NA 

6.6 x lo-' 

3.3 x 10-5 

2.9 x 10-9 
2.0 x 105 
1.9 x 10-5 

2.9 x 10-5 
3.6 x lo4 

NA 
NA 

1.1 x lo4 

Exposure Pathway Option A Option B CRARE 

1.6 x 10-9 
3.9 x 
2.3 x 
1.6 x 
1.4 x l o 6  
0.0 x loo 
4.2 x 
0.0 x loo 

NA 
NA 
NA 

1.3 x lo-' 
2.9 10-9 
1.4 10-5 
1.9 10-5 
1.7 10-5 
2.9 x 10-5 

1.1 x 104 

NA 
NA 

Carcinogenic Pathway Summation = 1.4 x loJ 5.9 x 10-4 2.1 x 1w 

FER\OUSFS\AVF\H-VWovcmbcmbcr14, 1994 8:Zlam H-V-8 



6349 
FEMP-OSFS-4 D W  

November 14, 1994 

TABLE H.V-7 
SUMMARY OF P0T'EN"IAL HEALTH EFFECTS: 

ON-PROPERTY RESIDENT FARM CHILD 

Exposure Pathway Option A Option B CRARE 

Inhalation of particulates (chemicals) 2.8 x lo-' 2.8 x 10' 5.9 x 10" 
Incidental ingestion of residual soils (chemicals) 5.2 x lo-' 5.2 x 10" 5.9 x 10' 
Dermal contact with residual soils (chemicals) 4.9 x lo-' 4.9 x 10' 8.7 x lo-' 
Ingestion of meat (chemicals) 1.6 x 1.6 x lo-' 1.6 x lo4 
Ingestion of dairy products (chemicals) 1.4 x le 1.4 x 10' 2.7 x 100 
Ingestion of vegetables and fruit (chemicals) 2.0 x l e  2.0 x 10' 1.9 x 100 
Ingestion of fish (chemicals) NA NA NA 

Dermal contact while bathing (chemicals) 2.8 x lo-' 2.8 x lo-' 2.2 x lo-' 
Incidental ingestion while wading (chemicals) NA NA NA 
Dermal contact while wading (chemicals) NA NA NA 

Ingestion of drinking water (chemicals) 1.0 x loo 1.0 x loo 3.7 x lo-' 

Noncarcinogenic Pathway Summation = 3.6 x 10' 3.6 x lo' 5.4 x loo 

.I ,.I 

Exposure Pathway Option A Option B CRARE 

B Inhalation of particulates (chemicals) 4.2 109 4.2 x 10-9 
Inhalation of particulates (radionuclides) 
Incidental ingestion of residual soils (chemicals) 
Incidental ingestion of residual soils (radionuclides) 
Dermal contact with residual soils (chemicals) 
Ingestion of drinking water (chemicals) 
Ingestion of drinking water (radionuclides) 
Dermal contact while bathing (chemicals) 
Incidental ingestion while wading (chemicals) 
Dermal contact while wading (chemicals) 
Incidental ingestion while wading (radionuclides) 
Ingestion of meat (chemicals) 
Ingestion of meat (radionuclides) 
Ingestion of dairy products (chemicals) 
Ingestion of dairy products (radionuclides) 
Ingestion of vegetables and fruit (chemicals) 
Ingestion of vegetables and fruit (radionuclides) 
Ingestion of fish (chemicals) 
Ingestion of fish (radionuclides) 
Direct radiation 

4.1 x 107 
1.5 x 10-5 
6.9 x 10-7 
5.9 x 107 
6.0 x 10-9 
1.3 x 10" 
3.6 x 10" 

NA 
NA 
NA 

1.0 x lo-* 
1.4 x 10" 

6.9 x 10" 
1.3 x lo-' 
6.6 x 

NA 
NA 

1.8 1 0 5  

6.0 x 10-5 

2.0 10-7 
1.5 105 
1.6 x 10-7 
5.9 x 10-7 
6.0 10-9 
1.8 10-7 
3.6 x lo-'' 

NA 
NA 
NA 

1.0 x lo-* 
9.8 x 10" 

3.6 x 10" 
1.3 x lo4 
2.1 x 10" 

NA 
NA 

8.4 x lo4 

1.8 x 10-5 

Carcinogenic Pathway Summation = 2.4 x lo4 1.7 x 104 

3.8 x lo-'' 

1.0 x 
2.0 x 10-7 

1.6 x IO-' 
2.0 x 10-7 

1.8 x 10-7 
0.0 x loo 

0.0 x loo 
NA 
NA 
NA 

9.8 x lo-" 

3.6 x 
5.9 x lo6  
2.1 x 

NA 
NA 

8.4 x loa 

3.5 x loJ 

2.0 x 10-9 

1.3 x 10-5 



TABLE H.V-8 

SUMMARY OF POTENTIAL HEALTH EFFECTS: 
MILK AND MEAT CONSUMER 

FEMP-OSFS-4 DRAFT 
November 14, 1994 

Exposurepathway . Option A Option B 

Inhalation of particulates (chemicals) NA NA 
Incidental ingestion of residual soils (chemicals) NA NA 
Dermal contact with residual soils (chemicals) NA . NA 

Ingestion of dairy products (chemicals) 
Ingestion of vegetables and fruit (chemicals) NA NA 
Ingestion of fish (chemicals) NA NA 
Ingestion of drinking water (chemicals) NA NA 
Dermal contact while bathing (chemicals) NA NA 
Incidental ingestion while wading (chemicals) NA ' NA 
Dermal contact whiIe wading (chemicals) NA NA 

Ingestion of meat (chemicals) 8.5 x 1 0 3  8.5 x 1 0 3  
1.3 x lo" 1.3 x lo" 

Noncarcinogenic Pathway Summation = 1.3 x lo(' 1.3 x 10'' 

CRARE 

NA 
NA 
NA 

2.6 x lo-' 
NA 
NA 
NA 
NA 
NA 
NA 

2.6 x lo-' 

8.9 x 10-5 

Exposure Pathway Option A Option B 

Inhalation of particulates (chemicals) 
Inhalation of particulates (radionuclides) 
Incidental ingestion of residual soils (chemicals) 
Incidental ingestion of residual soils (radionuclides) 
Dermal contact with residual soils (chemicals) 
Ingestion of drinking water (chemicals) 
Ingestion of drinking water (radionuclides) 
Dermal contact while bathing (chemicals) 
Incidental ingestion while wading (chemicals) 
Dermal contact while wading (chemicals) 
Incidental ingestion while wading (radionuclides) 
Ingestion of meat (chemicals) 
Ingestion of meat (radionuclides) 
Ingestion of dairy products (chemicals) 
Ingestion of dairy products (radionuclides) 
Ingestion of vegetables and fruit (chemicals) 
Ingestion of vegetables and fruit (radionuclides) 
Ingestion of fish (chemicals) 
Ingestion of fish (radionuclides) 
Direct radiation 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.6 x lo8 
4.1 109 

2.0 x 1 0 5  
3.6 x 1 0 5  
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.6 x lo8 
2.9 109 

2.0 105 
1.9 x 10-5 
NA 
NA 
NA 
NA 
NA 

CRARE 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.3 x 
2.9 x 10-9 
1.4 x 10-5 
1.9 x 10" 
NA 
NA 
NA 
NA 
NA 

Carcinogenic Pathway Summation = 5.6 x lob 3.9 x l W  3.3 x lW 



6349 
FEMP-OSFS-4 D W  

November 14, 1994 

TABLE H.V-9 

SUMMARY OF POTENTIAL HEALTH EFFECTS: 
COMMEXCIA.L/INDUSTRJAL USER 

Exposure Pathway Option A Option B 

Incidental ingestion of residual soils (chemicals) 4.0 x lo-* 
2.2 x 10' 

Ingestion of meat (chemicals) NA NA 
Ingestion of dairy products (chemicals) NA NA 
Ingestion of vegetables and fruit (chemicals) NA NA 
Ingestion of fish (chemicals) NA NA 
Ingestion of drinking water (chemicals) NA NA 
Dermal contact while bathing (chemicals) NA NA 
Incidental ingestion while wading (chemicals) NA NA 
Dermal contact while wading (chemicals) NA NA 

Inhalation of particulates (chemicals) 6.1 x 103 6.1 x 103 

Dermal contact with residual soils (chemicals) 
4.0 x 10' 
2.2 x 10' 

Noncarcinogenic Pathway Summation = 2.6 x 10' 2.6 x 10' 

CRARE 

NA 

3.8 x lo-* 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.5 x 10-3 

4.3 x 

Exposure Pathway 

Inhalation of particulates (chemicals) 
Inhalation of particulates (radionuclides) 
Incidental ingestion of residual soils (chemicals) 
Incidental ingestion of residual soils (radionuclides) 
Dermal contact with residual soils (chemicals) 
Ingestion of drinking water (chemicals) 
Ingestion of drinking water (radionuclides) 
Dermal contact while bathing (chemicals) 
Incidental ingestion while wading (chemicals) 
Dermal contact while wading (chemicals) 
Incidental ingestion while wading (radionuclides) 
Ingestion of meat (chemicals) 
Ingestion of meat (radionuclides) 
Ingestion of dairy products (chemicals) 
Ingestion of dairy products (radionuclides) 
Ingestion of vegetables and fruit (chemicals) 
Ingestion of vegetables and fruit (radionuclides) 
Ingestion of fish (chemicals) 
Ingestion of fish (radionuclides) 
Direct radiation 

Option A 

1.1. x lo6 
4.6 x lo6 

1.1 x 

3.7 x 1 0 9  

9.7 x 107 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.0 x lo* 

Option B CRARE 

3.7 109 
1.8 x 1 0 7  

2.3 x 10-7 
4.6 x l o 6  

1.1 x 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.8 x 105 

1.1 x 10"O 
1.8 x 107 
3.3 x 107 
2.3 x i o 7  
3.7 x 107 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.8 x 1 0 5  

Carcinogenic Pathway Summation = 2.0 x 104 3.4 x 1V 2.9 x lob 

H-V- 1 1 

008507 
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FEMP-OSFS-4 DRAFT 
November 14. 1994 

TABLE H.V-10 

SUMMARY OF POTENTIAL HEALTH EFFECTS: 
DEVELOPED PARK USER 

Exposure Pathway OptionA OptionB CRARE 
Inhalation of particulates (chemicals) 3.3 x 104 3.3 x 104 0.0 x loo 
Incidental ingestion of residual soils (chemicals) 4.3 1 0 3  4.3 1 0 3  4.8 iv 
Dermal contact with residual soils (chemicals) 5.1 x 10' 5.1 x lo2 9.1 x 10' 
Ingestion of meat (chemicals) NA NA NA 
Ingestion of dairy products (chemicals) NA NA NA 
Ingestion of vegetables and fruit (chemicals) NA NA NA 
Ingestion of fish (chemicals) NA NA NA 
Ingestion of drinking water (chemicals) NA NA NA 
Dermal contact while bathing (chemicals) NA NA NA 
Incidental ingestion while wading (chemicals) 7.5 x 104 7.5 x lo4 5.7 x lo4 
Dermal contact while wading (chemicals) 3.1 103 3.1 1 0 3  1.6 1 0 3  

.. Noncarcinogenic Pathway Summation = 6.0 x 103 6.0 x 103 1.2 x 1@* 

4 Exposure Pathway Option A Option B CRARE 

5.5 x lo-'' 5.5 x 10" 1.7 x lo-" 
9.6 x 10' 1.6 x lo-' 1.6 x 10' 

Inhalation of particulates (chemicals) 
Inhalation of particulates (radionuclides) 
Incidental ingestion of residual soils (chemicals) 1.4 x 1.4 x lo6 9.7 x 10" 
Incidental ingestion of residual soils (radionuclides) 1.5 1043 3.6 1014 3.6 x 10-l4 
Dermal contact with residual soils (chemicals) 7.3 10-7 7.3 x 1 0 7  2.4 x 10.~ 
Ingestion of drinking water (chemicals) NA NA NA 
Ingestion of drinking water (radionuclides) NA NA NA 
Dermal contact while bathing (chemicals) NA NA NA 
Incidental ingestion while wading (chemicals) 4.2 x lo8 4.2 x 10' 4.2 x 10' 
Dermal contact while wading (chemicals) 8.0 x lo9 9.6 x 10'' 9.6 x lo-'' 
Incidental ingestion while wading (radionuclides) 6.4 x 10' 6.4 x 10' 6.4 x 10' 
Ingestion of meat (chemicals) NA NA NA 
Ingestion of meat (radionuclides) NA NA NA 
Ingestion of dairy products (chemicals) NA NA NA 
Ingestion of dairy products (radionuclides) NA NA NA 
Ingestion of vegetables and fruit (chemicals) NA NA NA 
Ingestion of vegetables and fruit (radionuclides) NA NA NA 
Ingestion of fish (chemicals) NA NA NA 
Ingestion of fish (radionuclides) NA NA NA 
Direct radiation 3.1 x 10' 4.3 x 106 4.3 x lod 

Carcinogenic Pathway Summation = 3.3 x lv 6.5 x 10-6 4.8 x lod 

' (  

H-V- 12 



6 3 4 9  
FEMP-OSFS-4 DRAFT 

November 14, 1994 

TABLE H.V-11 
SUMMARY OF POTENTIAL HEALTH EFFECTS: 

WILDLIFE RESERVE USER 

Exposure Pathway OptionA OptionB CRARE 

Inhalation of particulates (chemicals) 9.5 x 1 0 5  9.5 1 0 5  0.0 100 
Incidental ingestion of residual soils (chemicals) 1.1 x 1 0 3  1.1 1 0 3  1.2 1v 
Dermal contact with residual soils (chemicals) 3.9 x io-2 3.9 x io2 6.9 x 10-3 
Ingestion of meat (chemicals) NA NA NA 
Ingestion of dairy products (chemicals) NA NA NA 
Ingestion of vegetables and fruit (chemicals) NA NA NA 
Ingestion of fish (chemicals) NA NA NA 
Ingestion of drinking water (chemicals) NA NA NA 
Dermal contact while bathing (chemicals) NA NA NA 
Incidental ingestion while wading (chemicals) 7.5 x lo4 7.5 x lo4 5.7 x lo4 
Dermal contact while wading (chemicals) 3.1 x 103 3.1 x io4 1.6 x 10-3 

Noncarcinogenic Pathway Summation = 4.4 x 10-2 4.4 x 9.1 x loJ 

."--. 
Exposure Pathway OptionA OptionB CRARE 

b Inhalation of particulates (chemicals) 1.6 x 10" 1.6 x 10" 
Inhalation of particulates (radionuclides) 
Incidental ingestion of residual soils (Chemicals) 
Incidental ingestion of residual soils (radionuclides) 
Dermal contact with residual soils (chemicals) 
Ingestion of drinking water (chemicals) 
Ingestion of drinking water (radionuclides) 
Dermal contact while bathing (chemicals) 
Incidental ingestion while wading (chemicals) 
Dermal contact while wading (chemicals) 
Incidental ingestion while wading (radionuclides) 
Ingestion of meat (chemicals) 
Ingestion of meat (radionuclides) 
Ingestion of dairy products (chemicals) 
Ingestion of dairy products (radionuclides) 
Ingestion of vegetables and fruit (chemicals) 
Ingestion of vegetables and fruit (radionuclides) 
Ingestion of fish (chemicals) 
Ingestion of fish (radionuclides) 
Direct radiation 

3.8 x 10' 
3.4 x 10-7 
5.6 x 1044 
5.5 x 10-7 

NA 
NA 
NA 

4.2 x 10* 

6.4 x lo8 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

8.0 x 1 0 9  

1.1 x 1 0 5  

6.4 109 
3.4 10-7 
1 . 3  1 0 ' 4  

5.5 1 0 7  

NA 
NA 
NA 

4.2 x 10' 
9.6 x 10" 
6.4 x 10' 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.6 x 106 

Carcinogenic Pathway Summation = 1.2 x lob 2.6 x 10-6 

5.0 x 10" 

2.4 x 10' 
6.4 x 10-9 . 

1.3 x 10-1~ 
1.8 x 10-7 

NA 
NA 
NA 

4.2 x 10' 
9.6 x 10"O 
6.4 x lo8 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.6 x 

1.9 x lob 



TABLE H.V-12 

FEMP-OSFS-4 DRAFT 
November 14, 1994 

SUMMARY OF POTENTIAL HEALTH EFFECTS: 
EXPANDED TRESPASSER 

Exposme Pathway OptionA OptionB CRARE 

Inhalation of particulates (chemicals) 3.0 x 10' 3.0 x 10' 0.0 x 10'' 
Incidental ingestion of residual soils (chemicals) 1.6 x 10' 1.6 x lo3 1.8 x lo4 
Dermal contact with residual soils (chemicals) 5.6 x lo2 5.6 x lo2 9.9 x 10" 
Ingestion of meat (chemicals) NA NA NA 
Ingestion of dairy products (chemicals) NA NA NA 
Ingestion of vegetables and fruit (chemicals) NA NA NA 
Ingestion of fish (chemicals) NA NA NA 
Ingestion of drinking water (chemicals) NA NA NA 
Dermal contact while bathing (chemicals) NA NA NA 
Incidental ingestion while wading (chemicals) 1.2 1 0 3  1.2 1 0 3  9.1 104 

Dermal contact while wading (chemicals) 4.9 x 1 0 3  4.9 x 1 0 3  2.5 x 103 

-Noncarcinogenic Pathway Summation = 6.4 x 103 6.4 x 103 1.4 x 10-2 

A 
Exposure Pathway OptionA OptionB CRARE 

, Inhalation of particulates (chemicals) 
Inhalation of particulates (radionuclides) 
Incidental ingestion of residual soils (chemicals) 
Incidental ingestion of residual soils (radionuclides) 
Dermal contact with residual soils (chemicals) 
Ingestion of drinking water (chemicals) 
Ingestion of drinking water (radionuclides) 
Dermal contact while bathing (chemicals) 
Incidental ingestion while wading (chemicals) 
Dermal contact while wading (chemicals) 
Incidental ingestion while wading (radionuclides) 
Ingestion of meat (chemicals) 
Ingestion of meat (radionuclides) 
Ingestion of dairy products (chemicals) 
Ingestion of dairy products (radionuclides) 
Ingestion of vegetables and fruit (chemicals) 
Ingestion of vegetables and fruit (radionuclides) 
Ingestion of fish (chemicals) 
Ingestion of fish (radionuclides) 
Direct radiation 

Carcinogenic Pathway Summation = 

1.4 x 10" 
2.7 x 10' 

5.1 x 10' 

NA 
NA 
NA 

4.2 x 10' 

6.4 x 10* 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

8.3 x lod 

9.3 x 106 

3.2 x 10-7 

5.0 10-7 

8.0 x 109 

1.4 x 10'O 
4.6 x 10-9 
3.2 x 107 

5.0 x 107 
1.2 x lo8 

NA 
NA 
NA 

4.2 x 10' 
9.6 x 10" 
6.4 x 10' 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.2 x lod 

2.1 x 106 

4.2 x lo1* 
2.2 x lon 
1.2 x 

4.6 x 10-9 

1.7 107 . 

NA . 
NA 
NA 

4.2 x lo-' 
9.6 x lo-'' 
6.4 x lo-' 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.2 x 10" 

1.5 x rod 

PER\OU5FS\AVF\H-VWoVaznberl4, 1994 8 : 2 1 ~ ~  



634 9 
FEMP-OSFS-4 DRAFT 

November 14, 1994 

TABLE H.V-13 

SUMMARY OF POTENTIAL HEALTH EFFECTS: 
GREAT MIAMI RIVER USER 

Exposure Pathway OptionA OptionB CRARE 

Inhalation of particulates (chemicals) 
Incidental ingestion of residual soils (chemicals) 
Dermal contact with residual soils (chemicals) 
Ingestion of meat (chemicals) 
Ingestion of dairy products (chemicals) 
Ingestion of vegetables and fruit (chemicals) 
Ingestion of fish (chemicals) 
Ingestion of drinking water (chemicals) 
Dermal contact while bathing (chemicals) 
Incidental ingestion while wading (chemicals) 
Dermal contact while wading (chemicals) 

NA 
NA 
NA 

3.7 x 106 
4.7 x 104 

3.9 x 10' 
3.1 x lo2 
1.1 x l o 2  

1.1 x lo8 

4.6 x 1 0 3  

1.5 x 109 

NA 
NA 
NA 

3.7 x 106 
4.7 x 10-4 

3.9 x 10' 
3.1 x 
1.1 x 

1.1 x 

4.6 x 1 0 3  

1.5 x 10 9  

NA 
NA 
NA 

3.5 x 
3.1 1 0 5  

1.2 1 0 3  

8.1 x 10-3 
1.5 103 

3.9 x 10' 

7.8 x 10" 
5.1 x 

. - .  . ... 

. Noncarcinogenic Pathway Summation = 4.4 x lo" 4.4 x 10" 3.9 x lo-' 
.-.- 

Exposure Pathway OptionA Option B CRARE 

Inhalation of particulates (chemicals) NA NA NA 

Incidental ingestion of residual soils (chemicals) NA NA NA 
Incidental ingestion of residual soils (radionuclides) NA NA NA 
Dermal contact with residual soils (chemicals) NA NA . NA 

Ingestion of drinking water (radionuclides) 1.7 x lo5 2.9 x l o 7  2.9 x 

Inhalation of particulates (radionuclides) NA . NA NA . .  
B 

Ingestion of drinking water (chemicals) 4.4 10-6 4.4 10-6 2.2 x 10-7 

Dermal contact while bathing (chemicals) '1.3 10 7  1.3 x 1 0 7  , 6.3 x 10-9 
Incidental ingestion while wading (chemicals) 1.5 10-9 1.5 109 7.8 x 10-11 

Incidental ingestion while wading (radionuclides) 2.6 x 1 0 9  4.4 x 10-11 4.4 x 10-11 
Dermal contact while wading (chemicals) 1.1 x la8 1.1 x 10* 5.1 x lo-'' 

Ingestion of meat (chemicals) 1.6 x lo-'' 1.6 x 10" 5.0 x 
Ingestion of meat (radionuclides) 1.0 x lo-'' 2.4 x 2.4 x 
Ingestion of dairy products (chemicals) 2.4 x lo9 2.4 x lo9 1.3 x lo-'' 
Ingestion of dairy products (radionuclides) 8.3 x lo-' 1.5 x lo-' 1.5 x 1 8 '  
Ingestion of vegetables and fruit (chemicals) 6.6 x 6.6 x 3.3 x lo8 
Ingestion of vegetables and fruit (radionuclides) 2.6 x 106 4.5 x 4.5 x 
Ingestion of fish (chemicals) 9.0 107  9.0 x 107 1.6 x 10-7 
Ingestion of fish (radionuclides) 1.1 10'12 2.5 x 1013 2.5 1043 

' Direct radiation NA NA NA 

Carcinogenic Pathway Summation = 2.6 x lv 6.5 x 104 7.7 x l@' 

FER\OU5PS\14, 1994 8:21am H-V- 15 
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FEMP-OSFS-4 DRAFI' 

November 14, 1994 

TABLE H.V.1-1 

SUMMARY OF OPTION A HEALTH EFFECTS: 
FOR ALL RECEPTORS 

Target Receptor Risk HI 

Undeveloped 1.4E-05 5.1E-02 

Off-Property Resident Farm 
Adult 9.5E-04 3.5E+00 
Child 1.6E-04 1.7E+01 

Reference Receptor Risk HI 

On-Property Resident Farm 
Adult 
Child 

CommerciaMndustrid User 

Developed Park User 

Wildlife Reserve User 

Expanded Trespasser 

Meat and Milk Consumer 

Great Miami River User 

1.4E-03 
2.4E-04 

2.0E-04 

3.3E-05 

1.2E-05 

9.3E-06 

5.6E-05 

2.6E-05 

7.1E+00 
3.6E+01 

2.6E-01 

6.0E-02 

4.4E-02 

6.4E-02 

1.3E + 00 

4.4E-01 
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P 

IR 
ET 
EP 
ED 
BWa 
A T  
ATa 
cs 

Inhalation rated pier 
Exposure lime 
Erponrrc frequeng 
@xposurc due  tion 
Body Weight (adult) 

Avetagc lime for non-arcimgcns (adult) 
Concentration of chemicals in prticubtc aa modeled 

AVCtagc time fOreICbgCnS 

Table H.V.1-2 
Summary of Rkk QuaqtitaOion (chemic&) 
Tug& Receptor: Undeveloped Park Uscr 

Via Inhalation of Puticulltcs 

Compoud Concentration Units 

- 
BW X AT 

ShiM 

0.83 
1 

40 
6 

15 
25550 
2 190 

WV 

yplllh 

0.83 
2 

101 
12 
43 

25550 
4380 

WV 

a&& 

0.83 
2 

40 
38 
70 

25550 
U870 

a V  

rcnoir 
UIJIu 

0.83 m 3 ~ ~ ~  
1 hour/ctiy 

26 daydycar 
14 y o n  
70 kg 

25550 days 
5110 days 

a v  

antimony 

a r d o r -  U60 

klyllium 
bcnm(a)pynnc 
cadmium 
1.2-didoroctb 
magnesium 
mangncrc 
mercury 
dK1 

2.3,7,8 -tcdd 
trichlaocchcne 
uenium-total 

a rodor- U s 4  

- anenic 

ne 

2.0E-09 
1.6E- 11 

3.2B-09 
3.SE-10 
1 .m-I1  
3.OE-10 

1.8E-06 
4.5E-07 
1.SE-10 
l . lE-09  

4.4E-13 
l . lE-08  



Table H.V.1-2 ( C O B C B O ~ )  
Summary of Risk Q n a ~ t i t r t i o ~  (benials) 
Target Receptor: Undeveloped P a d  User 

Via Inhalation of Partialates 

Compound 
an(mny 
amclor-1254 

HQ Calculation 
CDI RfD HQ 

(mdkg-day) [mdkg-day) (unitless) 
8.OE-12 NA NA 
6.3E-14 

amdor-1260 
arsenic 
beyllium 
beom(a)pyrene 
cadmium 
1.2-bcHoloetkane 
m a g A  um 
manganese 
merury 
silver 
2.3.7.8 - a d  

1.3E-11 
1.4E-12 
4.4E-14 
1.2E-12 

7.38-09 
1.8E-09 
5.9E-13 i 4.5E-12 

triclioroetkne I uranium-total 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.9E-03 

1.4E-OS 
8.6E-OS 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.2E-04 
6.98-09 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I I HQ Summation = 1.2E - 04 

I TLCR Calculation 
I CDI I CSF I TLCR 

Compund 
antimony I 8.OE-12 NA 
amclor- 1254 
amclor-1260 
arsenic 
Jeyllium 
Denm(a)pyrene 
admiurn 
1.2-dcHoloethane 
magnesium 
manganese 
merury 
iilver 

tricliometkne 
iranium -told 

I [mdkg-day)( [mdkg-day\-' I [utitless 
NA 

2.3.7.8 -tcdd 

NA 
NA 

1.5E+O1 
8.4E+00 
6.1E+00 
6.3E+00 
9.1E-02 

NA 
NA 
NA 
NA 

1.5E+05 
6.OE - 03 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

1.9E-11 
1.2E-1 
2.7E-1 
7.6E-1 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.lE-1 

I TIER Summation = 2.1E-1C 

, 



itakc Equation 

Summarg of Risk Qnantitation (radionuclides) 
Target Receptor: Undeveloped Park User 
Via Inhalation of Gases and Particulates 

= C A X E F X E D X I R X E T  

IR Inhalation rate of gases 
ED Exposure duration 
ET Exposure time 
EF Exposure frequency 
CA Conaxmation of radionuclides in ah 

8.2E-07 pCim3 
i . i ~ + 0 1  pCim3 
19E-07 pCim’ 
1.4E-07 pCim3 
13E-06 pCdm’ 
6.OE-07 pCdm3 
4 . 7 ~ 4  pcim’ 
36E-06 pCdm3 

pcirn’ 
pCim3 

083 083 083 
6 12 38 
1 2 2 

40 104 40 
csv CSV CSV 

pCim3 
pCim3 
pCim3 
pcim’ 
pCim3 
pCilll’ 
pcim’ 
pCim3 
pCim3 
pCim3 

senoir 
adult - 
083 m’hour 

14 years 
1 hour/day 

26 dayslyear 
CSV 

CDI CSF TLCR 
Radionuclides (pCi) (pCi)-’ (u ni tless) 
I 
R??16+M 

SrSO+ld 
R%22 

Tc99 
?h, 

Umnw 
-2 + 10d 

U?J8+2d 

4.2E-03 
58E+04 
95E-04 
7DE-04 
6.4E-03 
3.1E-03 
2.48-04 
1BE-02 

NA 

7.OE-09 
73E- 13 
6.2E-11 
83E- 12 
29E-08 
l.lE-07 
25E-08 
2.4E-08 

NA 

29E-11 
4.2E-08 
5.98-14 
588-15 
18E-10 
3.4E- 10 
598-12 
4.4E- 10 

NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 

I TLCR Summation - - 43E-08 

a 

0 



Inhk Equation 

m 
EP 
ED 
CP 
AT 
AT 
BW 
cs 

= CSXEFXEDXCFXIR 
BW X AT 

Ingstbn mte dsoil 
Exposue hqmeocy 
Exposur duration 
Conwrsion factor 
Awmg tk forcarcinogns 
Awmg time fornon-carcinogns 
Body weight 
Conenhation ofchemicals in soil 

Table II.V.l-4 
Summary of Risk Quantitation (chemicak) 
Target Receptor: Undeveloped Put U s a  
Via Incidental Ingestion of SoiUScdiment 

Compound Conoenha tion Units 

antimony 4.oE+00 mg/Lg 
ardor-1254 25E-02 mgke 
ardor-1260 mg/Lg 
arrenic 5.8E+00 mglkg 
beryllium 6.6E-01 m i 0 3  
bnzq(a)woe= 2oE-02 mg/kg 

1.2-dichbrae Illam m a 3  

mangame 8.lE+o2 mg/Lg 
menlay 2lE-01 mg/kg 
siher 1.8E+00 mg/kg 
23.78-tcdd mg/Lg 
bichlorathene 7.6E-01 m& 
IUanium-IO~l 1.2E+o1 mglkg 

mm 

cadmum 6.OE-01 

magntsium 4.8E+03 

child 
12 
40 
6 

lE -06 
25550 

2 w )  
1s 

C N  

a 
l3 
1w 
12 

lE -06 
25550 
4380 

43 
csv 

- adult 

l3 
40 
38 

E-06 
25550 
138m 
m 
csv 

References 



Table H.V.l-4 fcontinucdl 

Compound 

aroclar - 1254 
antimony 

Compound 
antimony 

aroclor - 1260 
arsenic 
bayllium 
bemo(a)pyrene 
cadmium 
12-dichluoet hane 
magnaium 
manganae 
macury 
silva 

trichluoethene 
uranium-total 

UOC~CC - 1254 

2.3.7.8 -tcdd 

‘ILCR Calculaion 
CDI CSF ‘ILCR 

(mgkg-day) (mgkg-day)-’ (unllgs) 
1.4E-07 NA NA 
8.5E-10 7.7E+00 6.E-09 

Summary of Risk Quamtitatiom (chemicrls) 
Target Receptor: Undcrcloped Park User 
Via Incidental Ingestion of SoiUSedimcnt 

H Calculaion 

-da -da u n l l g s  
1.4E-07 4.OE-04 3.4E-04 
8.E-10 

2.OE-07 
2.3E-08 
6.9E-10 
2.1E-08 

1.6E-04 
2.8E-OS 
7.2E-09 
6.4E-08 

2.6E-11 
4.0E - 07 

VA 

VA 

VA 

VA 
VA 
VA 
VA 
VA 
VA 
VA 
VA 
VA 
VA 
VA 
VA 
VA 
VA 
VA 
v.4 

NA 
NA 

3.OE-04 
S.0E-03 

NA 

NA 
1.OE-03 

9.7E+00 
1.4E-01 
3.OE-04 
5.OE-03 

6.OE-03 
3.OE-03 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

6.6E-04 
4.68-06 

NA 

NA 
2.1E-OS 

1.7E-os 
2.OE-04 
2.4E-05 
1.3E-05 

NA 
4.3E-09 
1.3E-04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 

I HQ Summaion = 1.4E-03 

UOC~CC - 1260 
men ic 
bayllium 
bemo(a)pyrene 
cadmium 
12-dichluod hane 
magnaium 
manganae 
macury 
silva 
2.3.7.8-tcdd 
Lrichluoethene 
uranium-total 

7.7E+00 
1.8E+00 
4.3E+00 
7.3E+00 

NA 

NA 
NA 
NA 
NA 

9.1E-02 

l .E+OS 
1.1E-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
3.E-07 
9.8E-08 
5.OE-09 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.9E-13 

I 

I TLCR Summaion = 4.6E - 07 



6 3 4 9  

Make Equation 

IR 
EF 
ED 
FI 
cs 

Table H.V.1-5 
Summary of Risk Quantitation (radionuclides) 

Target Receptor: Undeveloped Park User 
Via Incidental Ingestion of Soil/Sediment 

CS X EF X EDX FI X IR 

child youth - 
Ingestion rate c- -oil 
Exposure frequency 
Exposure duration 
Fractional Intake 
Concentration of chemicals in soil 

12 13 13 
40 104 40 
6 12 38 
1 1 1 

csv CSV CSV 

R??26+, 1.6E-03 

srW+ld 3.7E-04 

2.1E-03 
l.lE-03 

U m s m  7.1E-05 
u2SS+2d 3.9E-03 

R"222 

TC, 2%-04 
Th, 
%%+lCii 

pCimg 
p C i m g  
pCimg 
pCimg 
p C i m g  
pCimg 
pCimg 
p C i m g  
pCi/mg 
pCimg 

senoir 
adult - 

6 mg/day 
26 d a m a r  
14 year 
1 (unitless) 

csv 

pCimg 
pCimg 
pCimg 
pCimg 
pCimg 
p C i m g  
pCimg 
pCi/mg 
pCi/mg 
pCimg 

CD I CSP TLCR 
!adionuclides (pCi) (pCi1-l (unitless) 

6.6E-05 

1.5E-05 
1.OE-05 
&BE-05 
4.6E-05 
2.9E-06 
1.6E-04 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.8E- 10 
1.4E- 12 
3.6E- 11 
1.3E- 12 
1.3E- 11 
1.7E- 10 
1.6E- 11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.1E- 14 

5.5E- 16 
1.3E- 17 
1.1E- 15 
7.7E- 15 
4.6E- 17 
3.2E- 15 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.4E - 14 - LTLCR Summation - 

- . . .. 



InhkEqnafon 

SA 
AF 
FiP 
ED 
(Tp 
BW 
A T  
A T  
ABS 
cs 

Table EV.1-6 
Snmmary of Risk Qnantitaticn (cksniuls) 
Target Receptor: Undewloped Park User 
Via Dermal Coniactwiti SoiVSsdimemt 

= CS X F.F XED X CF X ABS X AP X SA 
B W  X A T  

Sufaceareaofarposed skin 
Absorbhon facbr 
Expowe Bequency 
Expo.weduraion 
Cbnveraon fador 

A w ~ g e  time br cartinogens 
Awagetime br non-carrioogens 
Absorbhon facbr 
Cbncentraion ofchenicalsin soil 

Bodywdgb1 

gl& 

2 m  

40 
6 

lE-06 
15 

25550 
2190 

csv 

CSV 

csv 

Cbmwund ABS Cbncmtraion Units 

mtimony 
mdor- 1254 
mdor - 1260 
arsenic 

bmm(a)pyrene 
cadmium 
1,2-dichlomehme 
m a p d u m  
mmganese 
m-ry 
silver 
23.78- lcdd 
hichlomehene 
U w i ~ - l O l d  

w u m  

1.E-02 4.E+Oo 
6.E-02 2 s - 0 2  
6.E-02 
1.E-03 5.8E+Oo 
1.E-02 6.6E-01 
3.E-01 2.E-  02 
1.E-02 6.E-01 
3.E-01 
1.E-02 4.8E+03 
1.E-02 8.E+02 
5.E-02 2.E-01 
l . E - 0 2  1.8E+OO 
3.E-02 
3.E-01 7.E-04 
L E - 0 2  l.ZE+Ol 

N A  

E!& 

4l38 

101 
12 

1.000E-06 
43 

25550 
4380 

csv 

csv 
csv 

adult 

5750 

40 
38 

LE-06 
70 

25550 
13870 

- 

csv 

csv 
csv 

smoir 
- adult 

5750 an2/day 
a v  (uniaw) 
26 daMear 
14 year 

LE-06 Irg/mg 
70 Irg 

csv ( u n i a q  

25550 day 
5110 day 

csv 

Cbmwund ABS Cbncmtraion Units 

N A  
N A  mg/Lg 
N A  mg/Lg 
N A  mg/Lg 
N A  m a  
N A  mg/Lg 
N A  mg/Lg 
N A  m& 
N A  mglLs 
N A  mg/Lg 
N A  mg/Lg 
N A  mg/Lg 
N A  mg/Lg 
N A  m 8 b  
N A  mg/Lg 



~~ 

Table H.V.1-6 (amtimud) 
Summary of R i d  Qmamtitrriom (ehenials) 
Target Receptor: &developed Park User 
V u  Dermal Corntactwith SoiVSsdiment 

SompJund 
intimony 

HQ Calculation 
CDI RfD HQ 

(mdkg-day) [mdkg-day) [unitless 
4.8E-07 6.OE-05 7.9E-0: 

imclor- 1254 I 1.8E-08 
imclor- 1260 
ineuic 
ieqllium 
ienm(a)wene 
admium 
.2-dcHomethne 
aagnesium 
oangnese 
oercury 
aver 

ricliomethene 
iranium -total 

1.3.7.8-tcdd 

NA 
NA 

2.98-04 
5.OE-03 

5.OE-OS 

4.9E-01 
4.2E-03 
4.5E-05 

NA 

NA 

NA 
NA 

5.9E-03 
1.5E-04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

2.4E-04 
1.6E-0: 

NA 

NA 
1.4E-03 

1.2E-02 
2.3E-02 
2.8E-03 

NA 
NA 

4.6E-0i 
9.38-03 

NA 
NA 
NA 
NA 
NA ' 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 
I HQ Summation = 4.68-02 

I TLCR Calculation 
I CDI I CSF I TLCR 

Compund 
antimony I 4.88-07 NA NA 

I [mp/kg-day)I [mdkg-day)-' I [udtless 

amclor- 1254 
amclor-1260 
aneuic 
beqllium 
benm(a)pyrene 
cadmium 
l.2-dcHoroethne 
magnesium 
manganese 
mercury 
silver 
2.3,7.8-lfdd 
tncliometbene 
uranium -total 

l.OE+Ol 
l.OE+Ol 
1.8E+00 
4.3E+00 

NA 
NA 

NA 
NA 
NA 
NA 

1 .OE -01 

3.OE+05 
1.1E-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.8E-0 

1.3E-0 
3.4E-0' 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.1E-11 

ITLCR Summation = 6.5E-07 



hhkc Bpnatioa 

IRSW 
FP 
ED 
BW 
AT 
AT 
cs 

= CSXEFXEDXIR 
BWXAT 

IngesCon rateofsurface water 
Expornre Irequaicy 
Eq~~slreduration 

Average time for cardnogas 
Average time fornon-cardnogens 
Bncmtration of demicalsin slrfacewater 

Bodyweigbt 

Talde H.V.1-7 
Summary of Risk Qoanthatiom (chsmiula) 
Target Receptor: Undeveloped Park User 

Via Ingestion Whik Wadin8 

child - 

2190 
csv 

Cbmpound Bncmtration Units 

antimony 
amdor- 1254 
amdor-1260 
a k c  
beflum 
bmzo(abyrme 
cadmium 
1.2-didoroehme 
mapedum 
manganese 
merrury 
silver 
23.7.8-edd 
tichfomehenc 
ulanium-cotal 

1.WE-04 

1.14E-03 
238E-05 
129E-08 

1.92E+01 
1.42E-01 
1.01E-03 

5.WE-04 

Refenaces 

kouh 
0.035 

52 
12 
43 

25550 
4380 

CSV 

add t - 

13870 
WV 

scnoir 
adult - 

Itday 
daysfyear 
Y a m  
ks 
days 

5110 dayr 
CIiY 



Table H.V.1-7 (amthned) 
Summary of Risk Qriantitation (ckenials) 
Target Receptoc Undeveloped Park User 

Via Ingestion While Wadkg 

HQ Calculation 
CDI RtD HQ 

Compound (mp/kg-day) (mdkg-day) (uritless' 
antimony 2.078-09 4.00E-04 5.17E-IX 
amc~or - 1254 
amclor- 1260 
arsenic 
beqlium 
benm(a)pyrene 
cadmium 
1,2-dctlometbane 
magnesium 
manganese 
mercury 
silver 

trichlometkne 
uranium-total 

2.3.7.8-I~dd 

NA 
NA 
3.00E-04 
%WE-03 

1 .WE - 03 

9.70E+00 
5.00E-03 
3.00E-04 
5.00E-03 

6.00E-03 
3.00E - 03 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
7.55E-O! 
9.468-08 

NA 
NA 
NA 
3.938-05 
5.65E-04 
6.698 - 05 

NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.348-06 

I I 

I HQ Summation = 7.55E-04 

Compound 
antimony 
amclor-1254 
amclor-1260 
arsenic 
beqlium 
benm(a)pyrene 
cadmium 
1.2-dcblometbane 
magnesium 
manganese 
merrury 
silver 
2.3.7.8-tcdd 
trichlometkne 
uranium-total 

TLCR Calculation 
CDI CSF TLCR 

(malkg-day) (mdkg-day)-' (uritless 
2.ME-09 NA NA 

7.70E+00 
7.70E + 00 

2.27E-08 1.75E+00 
4.73E-10 4.30E+M 
2.56E-13 7.30E+00 
JA NA 

9.10E-02 
JA NA 
JA NA 
4A NA 
4A NA 

1.50E+OS 
1.10E - 02 

{A NA 
JA NA 
{A NA 
{A NA 
JA NA 
JA NA 
IA NA 
IA NA 
IA NA 
IA NA 
iA NA 
IA NA 
IA NA 
IA NA 
IA NA 
IA NA 
IA NA 

NA 
NA 
3.97E-01 
2.03E-0! 
1.87E-1: 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

rLCR Summation = 4.17E-08 



lnbk Fhnatiorr 

TI ble KV.1-8 
Summary of Risk Qnrntitrtiom (chsmiula) 
Target Receptor: Undeveloped h r k  Umr 

Vir Dermal Contact While WrdimB 

EP X ED XDA X SA 
BW X AT 

EP Eaposlrefrequeney 
ED Eaposlreduntion 
BW Bodywei&t 
AT Avenge time forcardoogens 
AT Avenge lime fornon -cardnogens 
SA Skin surface area 
DA &emica l s~mf icde rmd  absorbeddose 

a &  
52 
12 
43 

25550 
2190 4380 

5130 
csv CSV 

ampound  DA Uni IS 

antimony 
amdor- 1254 
amdor- 1260 
arsenic 

b m z o ( a p p  e 
Cadmium 
13-didoroe1hane 
mapeaum 
manganese 
menu ry 
silver 
23.78-kdd 
tochlomehene 
uranium-rotd 

argium 

1ME-09 

1.14E-08 
238E-10 
7998-10 

1.928-04 
1.428-06 
1.01E-08 

5.04E-09 

References 

mg/cm2-day 
mg/cm2-day 
mg/cm2-day 
mg/cm2-day 
mg/cm2-day 
mg/cm2-day 
mg/cm2-day 
mg/cm2-day 
mg/cm2-day 
mg/cm2-day 
mg/cm2-day 
mg/cm2-day 
mg/cm2-day 
mg/cm2-day 
mg/cm2-day 
m g/cm2-d ay 

senoir 
adult adult - -  

daydyear 
years 
Le 
days 

a n 2  
13870 5llOdays 

CN csv 

Ompound DA uniu 

m g/cm’d ay 
m g/cm2d ay 
mg/cm’-day 
mg/cm’-day 
mgtcm’-day 
mgtcm’-day 
mg/cm’-day 
mg/cm’day 
mg/cm2day 
mg/cm’day 
mg/cm’day 
m g/cm’d ay 
mg/cm2day 
m g/cm2-d ay 
mg/cm2-day 



Table H-V.1-8 (continod) 
Sonmary of Risk Q o a n k i o m  (dknials) 
Target Receptor: Undeveloped Park User 

via 1 _ _  - 
HQ Calculation 

I I CDI I RfD I HQ 
Compound I (mplk-day) I (mplk-day) I (uutless' 
antimony 13.038-09 6.00E-OS 5.OSE-0! 
amc~or-1254 
aroclor- 1260 
arsenic 
beqllium 
beluo(a)pyrene 
cadmium 
1.2-dcliometbane 
magneaum 
manganese 
mercury 
silver 
2,3.7,8-lcdd 
trichlometkne 
uranium- total 

NA 
NA 
2.858-04 
5.OOE-03 

5.00E-05 

4.8SE-01 
4.20E-03 
4.50E-05 

NA 

NA 

NA 
NA 
5.88E - 03 
1.50E-04 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
1.17E-04 
1.39E-0; 
NA 
NA 
NA 
1.1SE-O! 
9.8SE-04 
6.54E-04 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA . 
NA 

9.79E-05 

I HQ Snmnution = 3.06E-03 

Compound uutless 
antinnnv 13.038-09 NA NA 
amclor- 1254 
aroclor- 1260 
arsenic 
beqllium 
beluo(a)pyrene 
cadmium 
1.2-dcliometbane 
magnes um 
manganese 
mercury 
silver 
2.3.7.8-tcdd 
trichlometkne 
uranium-total 

1.03E+01 
1.03E+01 
1.84E+00 
4.30E+00 
NA 
NA 

NA 
NA 
NA 
NA 

1.01E-01 

3.00E+OS 
1.12E-02 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA NA I 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.128-08 
2.988-09 

I 

ITWR Summation = 6.428-08 



nuke Equation 

IRSW 
EF 
ED 
CS 

Table H.V.1--9 
Summary of Risk Quantitation (radionnclides) 

Target Receptor: Undeveloped Park Uscr 
Via Incidental Ingestion while Wading 

= CSXEFXEDXIRsw 

Ingestionrate of suface wata 
Exposure hequency 
Exposure duration 
Concentration of radionuclides in surface wata 

3.5E-01 pCin 
pcin 

2.1E+00 pCin 
pcin 

3.1E-03 p C i  
1.7E-04 pci/l 
7.5E-03 pCin 
9.OE-01 p C i  

pcin 
pcin 

* &  
0.035 

52 
12 

csv csv 

p C i  
pcin 
p C i  
pcin 
pcin 
pcin 
p C i  
p C i  
pcin 
pcin 

adult - 

csv 

.adionuclides [pCi) [unitless) 

%a+ 8d 

rcpp 
4 3 0  

J238+zd 

9 2 2  
"rO+ld 

%S+lOd 
J13%?3S 

7.7E+00 
NA 

NA 
4.5E+01 

6.7E-02 
3.6E - 03 
1.6E-01 
20E+01 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.8E- 10 
. 1.4E-12 

3.6E- 11 
1.3E- 12 
ME- 11 
1.7E- 10 

' 1.6E-11 
20E- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.OE-09 
NA 

NA 
1.6E - 09 

8.7E- 13 
6.2E- 13 
26E- 12 
3.9E- 10 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

\ TLCR Summation - - 8.OE-09 
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Table H.V.l- 10 
Summary of Risk Quantitation (radionuclides) 

Target Receptor: Undeveloped Park User 
Via External Radiation 

hposure Equation = [CR X EF X ED X ET, X (l-SHJ]+[CR X EFX ED X E T  X ( 1-SHi)] 

senoir - child youth adult @uJ 

Fractionof year spent exposured 0.11 0.28 0.11 0.07 (unidess) EF 
ED Exposure duration 6 12 38 14 years 
ET. Fraction of dayspent outdoors 0.04 0.08 0.08 0.04 (unidw) 
ETi Fraction of dayspent indous NA NA NA NA NA 
SHi Shield factor indoors 0.5 0.5 0.5 0.5 (unitlw) 
SH, Shield factor outdoas ( unitless) 
CR Radionuclide specific concentrations CFV CFV CSV csv 

R?Z26+8d 

srrO+ld 
RnD2 

Tcpp 
Th2m 

u238+2d 

%3Z+lOd 
u2.W6 

1.6E+00 pCig 
NA PCi8 

25E-01 pcvg 
3.7E-01 pCig 

21E+00 pCVg 
l.lE+00 pCig 

3.9E+00 pCig 
7.1E-02 pCig 

NA PCV8 
NA PCVL3 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

CDI CSF TLCR 
:adionuclides (year pCi/g) (R/pCi-year)-l (unitless) 

l.lE+00 
NA 

2.5E-01 
1.7E - 0 1 
1.4E+00 
7.4E-01 
4.7E-02 
26E+00 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.OE-06 
1.2E-09 

6.OE- 13 
5.4E- 11 
8.5E-06 
24E-07 
5.1E-08 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.48-06 
NA 
NA 

1.OE- 13 
733- 11 
6.3E-06 
l.lE-08 
1.3E-07 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.3E - OS - 1 TLCR Summation - 



. r 

P 

IR 
EP 
EDn 
EDc 
BW 
ATc 
ATn 
cs 

- 
BWXAT 

Table H.V.l-11 
Summary o f  Risk Q u a d i t a i m  (chemic&) 

Tu@ Reeeplor: Off-Property Farm Rrsidcd (Adult) 
Via Inhalation o f  Puticulatcs~ 

Inhalationrate deQscs (RAGS. 1989) 
exposure frequency 
Exposure due tion for non-carcinogns 
expOrure duetion forarcinogcns 
Body weight 
Average time for a r c h g e n s  (liktimc) 
Average h e  for om-srcimgens (@Do 1365) 
Colrcntmtion of chemicals in roil 

Compound Colrcntmtion Uaib 

antimony 
ardor-US4 
a r d o r -  1260 
arsenic 
beryllium 
benm(a)pyme 
sdmium 
1.2-diddoroetle 
magnesium 
manginere 
mercury 
S B W X  

2.3.7.8 - tcdd 
trichlaocthcnc 
uenium- total 

1 ne 

1.2E-09 
1.2E-11 

2 . 2 8 4 9  
2.SE-10 
9.3B-12 
2.4E-10 

1.3E-06 
3.4E-07 
7.7E- 11 
6.OE-10 

6.4E-13 
6.38-09 

20 m%ay 
350 & w e a r  
70 Year 
70 Year 
70 kg 

25550 &ap 
2ss50 Lyl 

(see table below) 



Table KV.1-I1 (cmntinmed) 
Summary of Risk Q.antitrtioa (clenials) 

Trrpt Receptor: Off -Property Farm Resident (Adult) 
Via Inhalation of Partialrbs 

I HQ Calculation 
I I CDI I RfD I HO 

~~ - ~ ~~ 

Compund 
anCnmnv I 3.2E-10 NA NA 

I (mdkg-day) I (mdkg-day) I (uatless) 

ador-1260 
arsenic 
beflium 
benao(a)pyrene 
cadmium 
1,2-dcHomethane 
magnesi um 
manganese 
metcury 
silver 

trichloroetkne 
2.3.7.8-t~dd 

NA 
6.1E-10 
6.9E-11 
2.68-12 
6.7E- 11 

3.5E-07 
9.3E-08 
2.1E-11 
1.6E-10 

1.8E-13 

NA 

NA 

I uranium-total 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.9E-03 

1.4E-OS 
8.6E-05 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.5E-03 
2.5E-07 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1 
I Hazard Quotient Sum = 6.58-03 

Compound 
an6mny 
amclor-1254 
aroclor-1260 
arsenic 
beflium 
benao(a)pyrene 
cadmium 
1.2-dcHomethane 
magnesium 
manganese 
menury 
silver 
2.3.7.8 - tcdd 
tricblometkne 
uranium-total 

TLCR Calculation 
CDI I CSF I TLCR 

fmdk-day)I (mdkg-day)-' I [witless 
3.2E-10 NA NA 
3.2E-12 

6.1E-10 
6.9E-11 
2.6E-12 
6.7E-11 

3.58-07 
9.38-08 
2.18-11 
1.6E-10 

1.8E-13 
1.7E-09 

{A 

{A 

IA 

IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 

NA 
NA 

l.SE+Ol 
8.4E+00 
6.1E+00 
6.3E+00 
9.1E-02 

NA 
NA 
NA 
NA 

1.5E+OS 
6.OE-03 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

9.2E-0 
5.8E-11 
1.6E-1 
4.2E-11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.1E-1. 

rLCR Summation = 1.OE-Oi 

I 



Table KV.1-12 
Summary of Risk Quantitation (radionuclides) 

Target Receptor: Off-Property Farm Resident (Adult) 
V i  Inhalation of Gases and Particulates 

CaX EFX EDn X IR - Rink Equation - 

IR 
EF Exposure frequency 
EDn Exposure duration 
ca 

Inhalation rate of gases (RAGS, 1989) 

Concentration of radionuclides in air 

SdE-07 

1.4E - 07 
3.3E-07 
9.4E-07 
4.6E-07 
4.6E-08 
2.1E-06 

7.5E+00 

20 m3/day 
350 dayslycar 
70 Year 

(see table below) 

CDI CSF TLCR 
Ladionuclidcs (Pa) (pCi)-l (unitless) 

2.7E-01 

6.98-02 
1.6E-01 
4.6E-01 
2.3E-01 
2.2E-02 

3.7E+Ckj 

1.OE++00 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.OE-09 
7.3E- 13 
6.2E- 11 
8.3E- 12 
2.9E-08 
l.lE-07 
2.5E-08 
2.4E-08 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.9E-09 
2.78-06 
4.3E- 12 
1.4E- 12 
1.3E-08 
2.5E-08 
5.6E- 10 
2.5E-08 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.8E-Ob - I TLCR Summation - 

I . .  



P 

IRs 
CF 
EF 
EDn 
EDc 
Bw 
ATc 
ATn 
CS 

Table lI.V.1-13 
Summary of Risk Quantitaion (chemic&) 

Tug& Receflor: Off-Roper(y Farm Resid- (Adult) 
Via Incidental Ingestion of Soil 

B w X A T  

Ingestion nIc of roil (RAGS, 1989) 
Conversion factor 
Exposure tquency 
Exporurc dun tion for non-carcinoEns 
Exposure dun tion for carcinogens 
Body weight 
Averap time for carcinogens (liktimc) 
Averags time for nm-carcinogens (EDn x365) 
Concentration of chcmicalr in roil 

Compound Conccnhation Units 

antimony 
a r d o r -  US4 
a rdor -  U60 
arsenic 
beryllium 
benm(a)pymic 
cadmium 
1.2-diddoroc& 
magnesium 
manpnesc 
mercury 
rilwr 
2.3.7.8 - tcdd 
trichlmJcthenc 
uanium- total 

1 ne 

1.3E+00 
2.2E-02 

3.8@+00 
4.SE-01 
2.0E-02 
4.9E-01 

2.28+03 
6.5E+02 
S.SE-02 
4.8E-01 

2.0E-03 
7.2E+00 

180 m d L y  
l.OE-06 kg/mg 

3.50 damcar 
70 Yar 
70 Yar 
70 kg 

255.50 dap 
25550 L p  

(see table below) 



Table H.V.l-13 (continued) 
Summary of Risk Q m i m t i t m t i o m  (ehemicils) 

Target Receptor: Off-Property Farm Resident (Adult) 
Via Incidental Ingestion of Soil 

ampound 
lntimony 
lrocla - 1254 

HQ Calcula i m  
CDI Rrn HQ 

(mgkg-day) (mgkg-day) (unilss)  
3.E-06 4.OE-04 8.OE-03 
5.4E-08 NA NA 

1 HQ Summlioo  = 5.9E-02 

hmpound 
rdimony 
roclor - 1254 

NA 
3.1E-02 
2.2E-04 

1.2E-03 

5.6E-04 
1.1E-02 
4.E-04 
2.48-04 

NA 

NA 

NA 
8.2E-07 
5.98-03 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

(rngkg-day)l (mgkR-day)-' I (unk1gs)- 
3.2E-06 NA NA 
5.4E-08 7.7E+00 4.2E-07 

3E-06 
1E-06 
9E-08 
2E-06 

4E-03 
6E-03 
4E-07 
2E-06 

9E-09 
8E-05 

NA 
3.OE-04 
5.OE-03 

1 .OE - 03 

9.7E+Oo 
1.4E-01 
3.OE-04 
5.OE-03 

6.OE-03 
3.0E - 03 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 'ILCR Calculition 
I CDI I CSF I 'ILCR 

rocla - 1260 
rsenic 
myllium 
lemo(a)pyrene 
admium 
2-dichluod hanc 
nagncsium 
nanganse 

ilva 

richluoethene 
iranium-total 

fl6CUry 

.3,7,8-Icdd 

7.7E+00 
1.8E+00 
4.3E+00 
7.3E+00 

NA 

NA 
NA 
NA 
NA 

9.1E-02 

1.5E+OS 
1.1E-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.6E -05 
4.8E-06 
3.68-07 

NA 

NA 
NA 
NA 
NA 

5.4E- 11  
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I TLCR S u m m l i o o  = 2.2E-05 
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Table H.V.l- 14 

Summary of Risk Quantitation (radionuclides) 
Target Receptor: Off-Property Farm Resident (Adult) 

Via Incidental Ingestion of Soil 

Risk Equation 

IRS 
EF 
E& 
FI 
cs 

CS XEFX EDn X Fl XIR - - 

Ingestion rate ofsoil (RAGS, 1989) 
Exposure frequency 
Exposure Duration 
Fractional Intake 
Concentration of radionuclides in soil 

9.OOE-04 pCimg 
pCi/mg 

2.693-04 pCi/mg 
25OE-04 pCimg 
l.m-03 pcihng 
8.98E-04 p C h g  
1.12E-04 pCimg 
24OE-03 pCimg 

pCihng 
pCi/mg 

180 mg/day 
350 days/year 
70 Year 
1 (unitless) 

pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCimg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 

CDI CSF TLCR 
tadionuclides (pCi) (pCi1-l (uni tless) 

3.97E+03 

1.17E+o3 
l.lOE+03 
7.81E+03 
3.%E+03 
4.94E+02 
1.06E+04 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.80E- 10 
1.4OE- 12 
3.6OE- 11 
1.3oE- 12 
1.3oE-11 
1.70E- 10 
1.6OE-11 
2OOE-11 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.1OE-06 

4.21E-08 
1.43E-09 
1.OlE-07 
6.73E-07 
7.9OE-09 
212E-07 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 



SA 
AP 
ABS 
CF 
EP 
ED0 
EDC 
Bw 
ATc 
ATn 
cs 

Table H.V.1-IS 

Tu@ Rccepor: Off-Ropeaty Farm Resided (Adut)  
Via Dermal Conta~ with Soil 

Summary of Risk QuanIitdim (cbemicak) 

B W X A T  

Surhcearca of exposed skin (50th pcrcentilc. ban& ody) 
Soil torkinadhcrcna hctor (RAGS 1989) 
chcmicala rpcsifcabsorbtioo factor (see table below) 
Converrion factor 
expnsurc frequency 
Exposure duetion for non-carcioogna 
expnsurc dum tion for a rcinogenr 
Body weight 
Avcmglc time forercimgens (liktimc) 
Avenglc time for om-carcinogens (ED0 r365) 
Conccotca tion of chcmicals in roil 

Compoud ABS Comxntmti Uniu 

antimony 
a r d o r -  US4 
a r d o r -  1260 
anenis 
beryllium 
benzo(a)pyrcnc 
admium 
1.Z-dichlorocthanc 
magncrium 
manganese 
mcrcury 
r i l w  

trichlaoclhcnc 
ue nium - total 

2.3.7.8 - tcdd 

1.00E-02 
6.00E-02 
6.00E-02 
1.00E -03 
1.WE-02 
3 .WE -01 
1.00E-02 
3.00E-01 
1.00E-02 
1.00E-02 
S.00E-02 
1.00E-02 
3.WE-02 
3.00E-01 
1.00E-02 

N A  

1.30E + 00 
2.20E-02 

3.798+00 
1.49E-01 
2 .WE - 02 
4.90E-01 

2.198+03 
6.47@+02 
S.SOE-02 
4.80E -01 

2 .WE -03 
7 .20E + 00 

Compoud CoDccntpti Unib 

N A  
N A  
N A  
N A  
N A  
N A  
N A  
N A  
N A  
N A  
N A  
N A  
N A  
N A  
N A  



Table H.V.1-I5 (amtimud> 

Compound 
antimnv 

HQ Calculation I TLCR Calculation 
CDI RfD HQ I CDI I CSP I TLCR 

(mp/k,q-day) fmdh-day) (uritlessk 
1.02E-06 6.00E-05 1.71E-02 

amcior-1a 
amclor- 1260 
arsenic 
beflium 
benm(a)wene 
cadmium 
1.2-dcHomethane 
maglrsium 
manganese 
mexury . 
silver 
2.31,s- tcdd 
tnclioroetkne 
uranium-total 

1.04E-07 

2.99E-07 
3.54E - 07 
4.738-07 
3.86E-07 

1.73E -03 
5.10E-04 
2.17E-07 
3.788-07 

4.738-08 
5.67E-06 

NA 

NA 

NA 

INA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA . NA 
NA NA NA 

~ H Q  Su-tion = 1.93E-01 

NA 
NA 
2.85E-04 
5.00E-03 

5.00E - 05 
NA 

NA 
4.85E-01 
4.20E-03 
4.SOE-05 

NA 
NA 
5.88E-03 
1.50E-04 

NA 
NA 
1.05E -03 
7.07E -05 

NA 

NA 
7.728-03 

3.56E-03 
1.21E-01 
4.818-03 

NA 
NA 
8.048-06 
3.788-02 

5.50E - 07 

nanganere 
nercury 
iilver 
!.3,7,8-t~dd 
riclioroetkne 
i m i u m  - total 



IR 
EP 
ED0 
EDc 
BW 
ATc 
ATn 
cs 

P 

Table lI.V.1-16 
Summary of Rbk Quaditaim (cbemicah) 

Targcl Receptor: Off-Ropaly Farm Rmidcd (Aduh) 
Via Drinking W ; l a  Ingestion 

Ingestion rate of groundwalcr (RAGS, 19.99) 

Enpoaure duration for non-carcino~nr 
expOrure dura tion for srcinogens 
Body weight 
Avemg lime for carcinogens oilstime) 

Concentration of chemicals in groundvater 

Exposure hcqucnry 

Aveng time for om-srcinogens (EDn ~ 3 6 5 )  

- 
BWXAT 

Compouod Comxotra tion Units 

antimony 
a rodor- us4  
arodor-l260 
arrenic 
beryllium 

sdmium 
1.2-dirhloroctha ne 
magnesium 
manpncsc 
merculy 
IilUX 
2.3.7.8 - t d d  
trichlaocthcnc 
uranium-total 

bcnm(a)pyrcnc 

1 .OS@ + 00 
6.388-03 
1.59B-06 

5.61E-03 

2 Uday 
340 daydyeor 
70 Year 
70 Year 
70 kg 

25540 days 
25540 days 

'. 



Table H.V.1-16 (mnhmed) 
Smmaary of Risk Quntiiatiom (dmmials) 

Tarjpt Receptor: Off-PropertyP1rm Resident (Molt) - 
Vi _ _  

HQ CalculaCon 
I CDI 

I d o r -  1260 
IrSeniC 
feqilium 
ienm(a)pyrene 
admiurn 
.2-bclio~etbane 
nagneaum 
nanganese 
neEury 
aver 
1.3.7.8-lCdd 
richlometkne 
iranium- IOWI 

6E-06 

8E-02 
SE-04 
6E-08 

4E-04 

NA 
NA 
3.00E-04 
S.OOE-03 

1.00E-03 

9.70E+00 
S.OOE-03 
3.OOE-04 
S.OOE-03 

6.00E-03 
3.00E - 03 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 
NA 
NA 

2.45E-02 

2.97E-03 
3.498-02 
1.82E -04 

NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

S.12E-02 

1 HQ Snmnution = 1.14E-01 

Drinking W&r IqperrCon 
I TLCR Calculation 
I CDI 

imc~or 1254 
imclor-1260 
irsenic 
ieqiliurn 
ienm(a)wene 
admiurn 
..2-dcHoroe1hane 
nagnea um 
nanganese 
nerrury 
aver 
!,3,7,8-&.dd 
richlometkne 
iranium - to tal 

7.70E+00 
7.70E+00 
1.75E+00 
4.30E+00 
7.30E+00 

9.10E-02 
NA 

NA 
NA 
NA 
NA 
1 .SOE+ OS 
1.1OE-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.29E - 01 

NA . 

I 

ITLCR Snmmrtion = 1.29E - OS 



tisk Equation 

IR 
EF 
EDn 
Fl 
cw 

Table H.V.1-17 
Summary of Risk Quantitation (radionuclides) 

Target Receptor: Off-Property Farm Resident (Adult) 
Via Ingestion of Drinking Water 

CW X EF X EDn X Fl X IR - - 

Ingestion rate of groundwater( RAGS. 1%9) 
Exposure frequency 
Exposure duration 
Fractional intake br radionuclides 
Concentration of radionuclides in groundwater 

R%26+8d P a  
%n Pa 

.rh, P a  
%+la Pa 

P a  
P a  

SrSil+ld 6.5E-01 pCi/l 
T% 2.2E+01 p a  

~ p s n s a  1.8E-01 p a  
u238+2d 2.2E+00 pW 

2 Uday 
350 daysEyear 
70 Year 

1 (Unitless) 
(see table below) 

CDI CSF TLCR 
!adionuclides ( p a )  (pCi)-' (unitless) 

NA 
NA 

3.2E+04 
l.lE+06 

NA 
NA 

8.7E+U3 
l.lE+OS 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.8E- 10 
1.4E- 12 
3.6E- 11 
1.3E- 12 
1.3E- 11 
1.7E- 10 
1.6E- 11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

l.lE-06 
1.4E-0 

NA 
NA 

1.4E-07 
2.1E-06 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.8E-06 - ITLCR Summation - 



D A  
EF 
EDn 
EDc 
Bw 
ATc 
ATn 
SA 

Dermal absorbed dose 
Exposure frequency 
Exposure duotion for non-earcinopns 
Expasure duo tion for srcinogcns 
Body weight 
Aversb time forsrcinogcnr (libtime) 
AvcngC Iimc for o m - a r c h g e n s  (EDn x365) 
Skinrurhccarca awibblc  forcontact 

Table II.V.1- 16 
Summary of Risk Quaotitation (chemic&) 

Tu@ Receptor: Off-Property Farm Resid- (Adult) 
Via Dermal Contad while Bathing 

DAXEPXEDXSA 
BWXAT 

C o m p o u d  D A  Units 

antimony 
a r d o r -  US4 
a rodor- U60 
arsenic 
beryllium 
knm(a)pyrcnc 
mdmium 
1.2-didorocUm 
magnesium 
mangncrc  
mercury 
dK1 

trichlaocthcnc 
uonium- total 

2.3.i.a-lcdd 

NA mglcm2-L y 
NA mgtcm2-L y 
NA mdcm2- & y 
6.728-10 mglcm2-Ly 

NA rndcm2-hy 
NA mglcm2-L y 
NA mglcm2-L y 
NA mglcm2-Ly 
2.63E-06 mglcm2-Ly 
1.59E-08 mglcm2-&y 
4 . 9 8 ~ - 1 2  mglcm2-ctay 

NA rnglcrn2-h y 
NA mglcm2-L y 
NA mglcm2-Ly 
I . I O E - ~ ~  mglcml-hy 

NA mgtcm2-& y 

a v  mglcm2-Ly 
350 & w e a r  
70 Ycar 
70 Year 
70 kg 

25550 dayr 
25550 dayr 
23000 cm2 

C o m p o u d  D A  Units 

NA mglcm2-da y 
NA mglcm2-L y 
NA mglcrn2-L y 
NA rndcm2-Ly 
NA mglcm2-Q y 
NA mglcmz-L y 
NA mglcm2-& y 
NA mglcm2-Ly 
NA rnglcm2-L y 
NA mglcm2-eta y 
NA mglcm2-Ly 
NA mglcm2-Ly 
NA mglcm2-&y 
'NA mglcm2-L y 
NA mdcrn2-Ly 

I 



Summary of Risk Qpa~tibfiom (chemicals) 
Tarmt Recepbr: Off -PropertyFarm Resideat (Adult) 

h m p u n d  
ntimnv 

HQ Calculation 
CDI RID HQ 

(mp/kg-day) (mdkg-day) (uridess) 
NA 6.WE-05 NA 

m c ~ o r - ' ~ ~ ~  
mclor- 1260 
rSeniC 
leflium 
mzo(a)weoe 
admium 
.2-dcHometkane 
nagnesi um 
nangnese 
nercury 
aver 

ricblometkne 
iranium - total 

1.3.7.8-kdd 

2E-07 

9E-04 
2E-06 
7E-09 

2E-06 

NA ' 
NA 
2.858-04 
5.WE - 03 

5.WE-05 

4.85E-01 
4.2OE-03 
4.50E-05 

NA 

NA 

NA 
NA 
5.888-03 
1.50E-04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 
NA 
NA 

7.42E-04 

1.71E-03 
1.208-03 
3.49E-05 

NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.948-02 

[HQ Summation = 3.318-02 

imclor-1254 
imclor- 1260 
irsenic 
jeflium 
,eaP(a)wene 
rdmium 
I.2-dicHometlane 
nagnesium 
nanganese 
nercury 
dver 
1.3.7.8 - tcdd 
ricblometkne 
rranium-total 

E-07 

E-04 
E-06 
E-09 

E-06 

1.03E+01 
1.03E+01 
1.84E+W 
4.30E+W 

NA 
NA 

NA 
NA 
NA 
NA 

1.01 E - 01 

3.WE+O5 
1.12E-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.90E-0 

I T E R  Summation = 3.90E-0 



IR 
Fl 
EF 
ED0 
E D C  
BW 
ATc 
ATn 
cs 

Table 1f.V.1-19 
Summary of Rbk Quantitatioo (chcmieak) 

Tar@ Receplor: Off-Roperty Farm Resid- (Adult) 
Via Ingestion of M e i  Produds 

Ingestion rate of meat 
Fmctioningcrtcd t a n  contamimtcdrounc 
Exposure frequency 
Exposure duetion for non-carcioognr 
Exposure dura tion for ercioogenr 
Body weight 
Avcrag time forercimgcnr (lifetime) 
A v e s g  time forum-ercimgenr (EDn 1365) 
Conccnhation of chemicals io meat 

- 
BWXAT 

Compoud Coxaxhation Units 

antimony 
a r d o r -  I254 
a r d o r -  I260 
arsenic 
beryllium 
benm(a)pyrcnc 
oldmium 
I.2-didorocthnc 
magnesium 
manpncsc 
mercury 
silver 
2.3.7.8 - t d d  
trichlarocthcnc 
uranium- total 

1.4E-05 
6.78-01 

1.9E-0S 
4.5E-07 

7 3 3 - 0 6  

5.5E-0 1 
3.4E-03 
6.3E-04 
3.OE-05 

1.OE-09 
l.4E-06 

6 . m - 0 7  

0.1 kghby 
0.75 (Unitless) 
350 & M a r  
70 Year 
70 Year 
70 kg 

25550 dap 
25550 days 



Table H.V.1-19 (mmtimued) 
S u m a r y  of Risk Quaatibtios (chemicals) 

T a g t  Receptor: Off-property Pam Besideat (Adult) 
Via Iugertiom of Meat Products 

I HQCalculation 
I CDI I RfD I HQ 

3mpound I (mp/kg-day) I (mdkg-day) I (ulidess; 
inhuuny I 1.4E-08 4.OE-04 3.5E-OS 
iroctor -12~4 
imclor-1260 
IrSeniC 
Iefliurn 
ienao(a)wem 
:admiurn 
I.2-dctlomettrane 
nagnesum 
na n p  nese 
nercury 
aver 
!.3,7,8-tcdd 
richlometkne 
iranium-to tal 

9E-10 

9E-08 
6E-10 
OE- 10 
8E-09 

7E-04 
5E-06 
4E-07 
OE-08 

OE-12 
4E-09 

NA 
NA 

3.OE-04 
5.OE - 03 

1.OE-03 

9.7E+00 
1.4E-01 
3.OE-04 
5.OE-03 

6.OE-03 
3.OE-03 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

6.5E-OS 
9.2E-08 

7.88-06 

5.9E-OS 
2.SE-OS 
2.1E-03 
6.1E-06 

NA 

NA 

NA 
UE-IO 
4.88-07 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I I HQ Summation = 2.3E-03 

Cornpound 

iroclor- 1254 
iroclor-1260 
1nenic 
Jefliurn 
,eaao(a)mene 
admiurn 
1.2-15cHomethane 
magnesium 
manganese 
mercury 
iilver 
1.35.8 - tcdd 
trichlometkne 
uranium - to tal 

1nhmony 

TLCR Calculation 
CDI I CSF I TLCR 

(rnp/kg-day)I (rnp/kg-day)-' I [ ulidess 
l.4E-08 NA NA 
6.9E-10 
IA 
1.9E-08 
4.6E- 10 
7.OE- 10 
7.88-09 
IA 
5.7E-04 
3.5E-06 
6.4E-07 
3.OE-08 
'A 
1.OE - 12 
1.4E-09 
'A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

7.7E+00 
7.7E+00 
1.8E+00 
4.3E+00 
7.3E+00 

NA 

NA 
NA 
NA 
NA 

9.1E-02 

1.5E+O5 
l.lE-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.3E-0 

3.4E-a 
2.OE-0 
5.1E-0 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.lE-18 

rLCR Summation = 4.7E-01 

.' .._ 
. .. 



6349  

Xiek Equation 

IR 
FI 
EF 
EDn 
Cf 

Table KV.1-20 
Summary of Risk Quantitation (radionuclides) 

Target Receptor: Off-Property Farm Resident (Adult) 
Via Ingestion of Meat Products 

Cf X EF X E&\ X FI X IR - - 

Ingestion rate of meat 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in meat 

2.8E-04 
NA 

1.OE-02 
l.OE+OO 
5.8E-06 
2.98-06 
2.2E-M 
4.7E-04 

0.1 kg/day 
0.75 (Unitlea) 
350 daysryear 
70 Year 

CDI CSF TLCR 
!adionuclides ( p a )  (pCi)-l (unit less) 

5.2E-01 
NA 

1.8E+01 
1.9E+03 
l.lE-02 
5.4E-03 
4.1E-02 
8.6E-01 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.8E- 10 
1.4E- 12 
3.6E-11 
1.3E- 12 
1.3E-11 
1.7E- 10 
1.6E- 11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.OE- 10 

6.6E- 10 
2.48-09 
1.4E- 13 
9.1E-13 
6.6E-U 
1.7E-11 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.58-09 - I TZCR Summation - 



IR 
PI 
EF 
EDn 
E D C  
Bw 
ATc 
ATn 
CS 

P 

Ingestion n t e  of dairy prodtrts 
Fection ingcstcd b a n  contaminated soume 
Exposurc frequency 
Exposure duntion for non-carcinogns 
@xposurc dun tion for ca rcinogcns 
Body weight 
A v c n p  time for carcinogens (littime) 
Avenp: time for nm-archgens  (EDn 1365) 
Conccntra tion of chcmicalr inanimal prodvsb 

Table tl.V.l-21 
Summary of Rbk Quantitaion (rbcmicak) 

Tu@ Receptor: Off-Property Farm R a i d e d  (Adult) 
Via Ingestion of Dairy Products 

- 
BWXAT 

Compoud Concentration Uoits 

antimony 
a r d o r -  u s 4  
arodor-IZ60 
arsenic 
beryllium 

cadmium 
1.2-dichIoroccha 
magnesium 
manganese 
mercury 

ben*a)PY=ne 

KUKI 
2.3.7.0- lcdd 
trichlaocthene 
uenium- taal 

nc 

l . lE-03  
2.1E-04 

5.7E-04 
4.0E-07 
2.2E-04 
l.4E-02 

4.4E+O2 
2.9@+00 
l . lE-03 
2.OE-01 

3.2E -07 
4.2E-03 

0.4 Vrhy 
0.75 (Unitlerr) 
340 dayJVur 

70 Yar 
70 Yar 
70 kg 

25550 dap 
25550 days 



Table H.V.1-21 (amtisued) 
Summary of Risk Quantihtion (chemicals) 

T a r e t  Receptor: Off -PropertyFam Resident (Admlt) 
Via Ingestiom of Dairy Prodmcts 

bmrnund 

imlor-1254 
imclor-1260 

,eqUium 
benzo(a)pjrene 
rdmium 
1.2-dcHoroetbane 
nagnesum 
nanganese 
nenury 
Pver 
!,3,7.8-t~dd 
richlometbene 
iranium-total 

intinony 

I K ~ C  

HQCalculaGon 
CDI I RfD I HQ 

[mdk-day) I (mdkg-day) I (uudess' 
5.6E-06 4.OE-04 1.4E-0; 
8.7E-07 

2.38-06 
1.7E-09 
8.8E-07 
5.6E - 05 

1.8E+00 
1.2E-02 
4.6E-06 
8.1E-04 

1.3E-09 
1.7E -05 

JA 

JA 

?A 

i A  
i A  
i A  
i A  
JA 
JA 
4A 
JA 
JA 
JA 
i A  
JA 
JA 
i A  
JA 
?A 

NA 
NA 

3.OE-04 
5.OE-03 

1 .OE -03 

9.7E+00 
1.4E-01 
3.OE-04 
5.OE - 03 

6.OE-03 
3.OE-03 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

7.8E-02 
3.3E-0; 

5.6E-02 

1.9E-01 
8.6E-0; 
1.5E-0; 
1.6E-01 

2.2E-07 
5.88-03 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

HQ Summation = 5.4E-01 

=ompound 
inhmony 
imclor- 1254 
imclor-1260 
IrseniC 
ieqUium 
,enao(a)pyrene 
rdmium 
1.2-6cHometk.ne 
nagnesium 
nanganese 
nercury 
Pver 
!,3.7,8 - tcdd 
richloroetkne 
iranium - to tal 

TLCR Calculation 
CDI I TLCR 

5.6E-06 
8.7E-07 
IA 
2.38-06 
1.7E-09 
8.8E-07 
5.6E-05 
IA 
1.8E+00 
1.2E-02 
4.6E-06 
8.1E-04 
IA 
1.3E-09 
1.7E - 05 
IA 
'A 
'A 
A 
A 
A 
A 
A 
A .  
A 
A 
A 
A 
A 
A 
A 

NA 
7.7E+00 
7.7E+00 
1.8E+00 
4.3E+ 00 
7.3E+00 

9.1E-02 
NA 

NA 
NA 
NA 
NA 

1.5E + OS 
1.1E-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.7E-06 

4.1E-06 
7.1E-09 
6.5E-06 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.4E-11 

rIER Summation = 1.7E - 05 



, 
" . 

tisk Equation 

IR 
FI 
J3 
EDn 
cg 

Table ILV.1-22 
Summary of Risk Quantitation (radionuclides) 

Target Receptor: Off-Property Farm Resident (Adult) 
V i  Ingestion of Daiq Prodnets 

- - CpXEFXEDnXFIXIR . 

Ingestion rate of dairy products 
Fraction ingested fromcontaminated s o w  
Exposure frequency 
Exposure duration 
Concenttation of radionucldes in animal products 

RaLS+Sd 5.1E-01 
%n NA 
srS3+ld 5.OE+01 

1.2E+03 
4.8E-03 
2.48-03 

umm 6.98-02 

TC, 
h 
%+lOd 

ups+zd 1.4E+00 

0.4 Vday 
0.75 (Unitless) 
350 dayslycar 
70 Year 

!adionuclides (pa)- '  (unitless) 

3.78+03 
NA 

3.78+05 
8.88+06 
3.5E+01 
1.8E + 01 
5.OE+02 
1.OE+04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.8E- 10 
1.4E- 12 
3.6E-11 
1.3E- 12 
1.3E-11 
1 . E -  10 
1.6E- 11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.9E-06 

1.3E-05 
1.lE-05 
4.6E- 10 
3.OE-09 
8.1E-09 
2.1 E- 07 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.8E-05 - I TLCR Summation - 



IR 
Fl 
EP 
EDn 
E!DC 
BW 
ATc 
ATn 
cs 

Ingestion ntc of fruits or vegetd blcs 
Fnction ingested from contaminated sou= 
Exposure frqucncy 
Exposure duntion for non-carcinopns 
Exposure duntion for carcinogens 
Body weight 
Avcrag time for carcinogens (likfimc) 
Avcragc time fornm-carcinogens (EDn x365) 
CoDEcntntion of chemicals in vegetables 

Tugd Recepor: Off-Property Fum Raiidcot-(AduL) 
Via Ingestion of Vegdablrs and Ruils 

- 
B W X A T  

Compound Coaccntntion Units 

antimony 
ardOI-a54 
ardor-1260 
arsenic 
beryllium 
benm(a)pytcne 
sdmium 
1.2-diddoroctha 
magnesium 
mangancsc 
mercury 
rilwr 

trichlaoccbcnc 
un nium - total 

2.3.7.a-ccdd 

ne 

2.6E-01 
2 .m-04 

1.SE-0 1 
4.5E-03 
2 3 5 - 0 4  
2.7E-01 

2.2E+03 
1.6E+02 
5.0E-02 
1.9E-01 

3.28-03 
8.9E-02 

0.122 kgjctay 
0.5 (Unitlcrr) 

70 Year 
70 Year 
70 kg 

255.50 days 
255.50 days 

3.50 days&car 



Table I-LV.1-33 (continwid) 
S u m a r y  of Risk Quantitrthn (chenials) 

Target Receptor: Off -Property f i r m  Resident (Adult) 
Via Ingestion of Vegetables and Fruits 

amclor-1254 
amclor-1260 
arsenic 
beflium 
benm(a)pyreae 
cadmium 
1.2-bcliometkane 
magaeaum 
manganese 
merury 
silver 
2,3.7,8-kdd 
trichloroetkne 
uranium-total 

I HQCalculaCon 
I I CDI I RfD I HQ 

2.38-07 

1.3E-04 
3.88-06 
1.9E-07 
2.3E-04 

1.8Et00 
1.4E-01 
4.1E-OS 
1.6E-04 

2.78-06 
7.4E-OS 

NA 

NA 

NA 

NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 

HQ Summation = 2SE4 

NA 
NA 

3.OE-04 
5.OE - 03 

1 .OE - 03 

9.7E+00 
1.4E-01 
3.OE-04 
S.OE - 03 

6.OE - 03 
3.OE - 03 

NA 

NA 

NA 

NA 
NA 

4.3E-01 
7.5E-04 

2.3E-01 

1.9E-01 
9.7E-01 
1.4E-01 
3.28-02 

4.4E-04 
2.SE-02 

NA 

NA 

NA 

I TLCR Calculation 
I CDI I CSP I TLCR 

b m p u n d  
inhmny I 2.2E-04 NA NA 
imclor - 1254 
imclor-1260 
irsenic 
,eqUiurn 
,enm(a)weac 
idmium 
L,2-dcHomctbane 
nagnesum 
nanganese 
nercury 
lver  
!.3.7.8 - tcdd 
richlomethene 
rnnium-total 

I (mp/kg-day)I (mp/L;R-day)-' I (uddess) 

7.7Et00 
7.7E+00 
1.8Et00 
4.3E+00 
7.3E+00 

9.1E-02 
NA 

NA 
NA 
NA 
NA 

l.SE+OS 
1.1E-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.8E-06 

2.28-04 
1.6E-05 
1.4E-06 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.9E-08 

I ITUR ~ u m m a t i o n  = 2.4E-04 



. 

Risk Equation 

IR 
FI 
EF 
EDn 
cv 

Table XV.1-24 
Summary of Risk Quantitation (radionuclides) 

Target Receptor: Off- Property Farm Resident (Adult) 
Via Ingestion of Vegetables and Fruits 

CvX EFXEDn X FIXIR - - 

Ingestion rate of fruits or vegetables 
Fraction ingested fmmcontarninated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides invegetables 

1.4E+01 
NA 

6.78+02 
2.5E+U3 
1.5E+00 

1.8E+00 
3.1E+01 

7.6E-01 

0.122 kg/day 
0.5 (Unitlen) 
350 daysiyear 
70 Year 

2.OE+04 
NA 

1.OE+06 
3.8E+O 
2.38+03 
l.lE+CB 
2.7E+Q3 
4.6E+04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.8E- 10 
1.4E- 12 
3.6E-11 
1.3E-12 
1.3E- 11 
1.7E- 10 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA- 

1.6E-05 

3.6E-05 
4.9E-Q5 
2.9E-OB 
1.9E- 07 
4.3E-OB 
9.3E-07 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 

5.8E-05 - I TLCR Summation - 

63 4 9.- 



Table EV.1-25 
Summary of Risk Quantitation (radionuclides) 

Target Receptor: Off-Property Farm Resident (Adult) 
Via External Radiation 

Dose EquivalencyEquat: = [DRXEFXEDnXETiX(l-S+)] +[DRXEFXEDnX EToX(l-SHo)] 

EF 
ED Exposure duration 
mi 
ET0 
SH; 
SH, 

Fraction of year spent exposurcd 

Fraction of day spent indoors 
Fractionofdayspent outdoors 
Shield factor indoors 
Shield factor outdoors 

DR Radionuclide specific dose concentrations 

R%+,d 9.00E-01 pWg 

%+ld 2.65E-01 pWg 
T% 2.50E-01 pWg 

8.98E-01 pWg 
~psm 1.12E-01 pWg 

%n NA P a l 3  

lh, 
%+1M 

1.77E+00 pWg 

u23L3+2d 2.40E+00 pWg 
NA P a 3  
NA P W  

0.96 (unitless) 

0.76 (unitless) 
0.24 (unitless) 
0.5 (unitless) 

(uni tless) 
(see table below) 

70 Year 

CDI CSP TLCR 
Zadionuclides (year pCilg) (g/pCi-year)-' (unitless) 

3.7E+01 

l.lE+Ol 
l.OE+Ol 
7.4E+01 
3.7E+01 
4.7E+m 
l.OE+C&? 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.OE-06 
1.2E-09 

6.OE- U 
5.4E- 11 
8.5E-06 
2.4E-07 
5.1E-OB 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.2E-04 
NA 

6.2E- 12 
4.OE-09 
3.28-04 
l.lE-06 
5.1E-06 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I TLCR Summation - - 5.5E-04 



IR 
EP 
EDn 
E D C  
BW 
ATc 
ATn 
cs 

Table H.V.1-26 
Summary of Risk Quantitaim (chemicak) 

Tu@ Receptor: Off-Roperty F u m  R a i i d e  (Child) 
Via Inhalation of Particulat~~~ 

Inhalation rate d p e s  (RAGS, 1989) 
Exposure frcqucnfy 
Exposure dumtion for nOff-srcioogcm 
Exposure duntion for srcincgcns 
Body weight 
A v e n b  time forercimgcnr (liktimc) 
Aveogc time for  nOff-ercincgcns (EDn x365) 
Conccntp tion of chemicals in roil 

- 
BWXAT 

Compoud Conccntp tion Units 

antimony 
ardor-U54 
a r d o r -  I260 
ancnic 
beryllium 

oldmium 
1.2-dirhloroctIa ne 
magnesium 
mangncrc 
mercury 
S i l K I  

2.3.7.8-lcdd 
trichlaocthenc 
uanium-total 

h n 4 a ) p y = n e  

1.2E-09 m g d  
1.2E-11 mdm3 

m g d  
2.28-09 mdm3 
25E-10 mum3 
9.38-12 mdm3 
2.4E-10 mum3 

mdm3 
1.3E-06 mg/m3 
3.4E-07 mdm3 
7.7E-11 m g d  
6.OE-10 mum3 

mdm3 
6.48-13 mg/m3 
6.38-09 mum3 

mum3 

u m31ck.y 
350 dayw'year 

6 Year 
6 Year 

IS kg 
25550 days 

(see table below) 
2190 days 



Table H.V.1-26 (comlimmed) 
Summary of RisL Q m m t i t r t b m  (dmmiah) 

Via Inhalatiom of Partialabs 
Tact R o ~ ~ ~ o I :  O f f - P ~ o p ~ t g  P.m ROsid0.t (Child) 

HQ Calculation 
I CDI I RID I HQ 

bmpound 
inhmny I 9.OE-10 NA NA 

I [rng/kp,-day) I (mdh-dav) I [umdess] 

lmclor-1254 
Imclor-1260 
irsadc 
beqilium 
ienm(a)wene 
odmiurn 
1.2-dclloroettane 
nagnes urn 
nanganese 
nemury 
Pver 
!.3,7,8-(cdd 
ricblometkne 
iraniurn-total 

1E-12 

7E-09 
9E-10 
2E-12 
9E-10 

9E-07 
6E-07 
9E-11 
6E-10 

9E-13 
8E-09 

I 
[Hazard Quotient Sum = 1.8E-02 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.9E-03 

1.4E-05 
8.6E-OS 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.8E -02 
6.98-07 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I TLCR Calculation 
I CDI I CSF I TLCR 

Compound 
intimny I 7.7E-11 NA NA 

I (rndkp,-day)I (mp/kq-day)-l I [uddess 

iuulor -1254 
imclor-1260 
1 rsad c 
beqiliurn 
,enm(a)pjrene 
idmiurn 
1.2-dcllomettane 
magnesium 
manganese 
mercury 
dver 
2.3.7.E-kdd 
lricbloroetbene 
uranium-total 

BE-13 

5E-10 
7E-11 
1E-13 
6E-11 

5E-08 
2E-08 
OE-12 
9E-11 

2E-14 
1E-10 

NA 
NA 

l.SE+Ol 
8.4E+00 
6.1E+00 
6.3E+00 
9.1E-02 

NA 
NA 
NA 
NA 

1.5E+05 
6.OE-03 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

2.2E-0 
1.4E-ll 
3.7E-1: 
1.OE-11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.5E-11 

I 

ITLCR Sommition = 2.4E-0! 
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Lisk Equation 

IR 
EF 
EDn 
Ca 

Tabte KV.1-27 
Summary of Risk Quantitation (radionuclides) 

Target Receptor: Off-Property Farm Resident (Child) 
Via Inhalation of Gases and Particulates 

CaXEFXEDnXIR - - 

Inhalation rate of gases (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Concentration o f  radionuclides in air 

R%24+8d 5.6E-07 

srSO+ld 1.4E-07 
TC99 3.38-07 

9.48-07 
4.6E-07 

~23.5, 4.6E-08 
u238+2d 2.1E-06 

%xz 7.5E+00 

lh, 
%+lM 

12 mJ/day 
350 days&ar 

6 Year 
(see table below) 

pcilm’ 
pwm’ 
pCi/m’ 
pCi/m‘ 
pwm’ 
pwm’ 
pwm? 
pwm’ 
p a d  
P a m ’  

CDI CSP TLCR 
adionuclides (pci) (pCi1-l (unit less) 

1.4E-02 

3.5E-03 
8.4E-03 
2.48-02 
1.2E-02 
1.1E-OO 
5.3E-02 

1.9E+aS 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.OE-09 
7.3E- 13 
6.2E- 11 
8.3E- 12 
2.9E-OB 
l.lE-07 
2.5E-OB 
2.4E-OB 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

9.8E- 1 1  
1.4E-07 
2.2E- 13 
7.OE- 14 
6.9E- 10 
1.3E-09 
2.9E-11 
1.3E-09 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.4E-07 - I TLCR Summation - 



Table II.V.1-28 
Summary o f  Rkk Quantitation (d~hemicak) 

Target Receptor: Off-Roperty Farm R a i d e d  (Child) 
Via Incidental Ingestion of Soil 

IRI 
CP 
EP 
EDn 
EDc 
BW 
ATE 
ATn 
cs 

XCF X I B  
BWXAT 

Ingestion e t c  of soil (RAGS, 1989) 
Conversion kctor 
Exposure frequenq 
Exposure due  tion for nOff -cardnogem 
Exposure dura tion for arcincgeos 
Body weight 
Avcrap: time for arcimgens (liktime) 
Avenp: time fornOff-carcinogens (EDnx365) 
Conccnha tion of chemicals in soil 

Compourd Conccnhation Units 

antimony 1.3@+00 m%lrg 
a r d o r -  I254 2.28-02 m w h  
ardor-I26O 
arsenic 3.8E+00 mag 
beryllium 4.5E-01 m%lrg 
benm(a)pyrcne 2.0E-02 m%lrs 
cadmium 4.9E-01 m%lrg 
1,2-didoroctkane m%Lg 
magnesium 2.2E+O3 m o g  
manganese 6.5Ei-02 m%lrg 
mercury 5.5E-02 m%lrg 
silwr 4.8E-01 m a s  
2.3.1.8 - tcdd m%lrg 
trichlaocthcne 2.OE-03 m%lre 
uenium-total 7.2E+00 m f l . 3  

m%lrg 

200 muday 

350 daydyear 
1.0E-06 kdmg 

6 Yer 
6 Year 

15 kg 
25550 days 
2190 days 

(see table below) 



Table H.V.l-28 (continued) 

V i a  11 

Summary of Risk QmantiLtiom (ch&icals) 
Target  Receptor:  Off-Property Farm Resident  (Child) 

idental Ingest ion of S o i l  
I 'ILCR Calculaion 
I CDI I 'ILCR 

HQ Calcula icn 
CDI RfD HQ 

Compound (m&R-day) (mdn-day) (unkkss' 

arocla - 1254 

arsenic 
beryllium 
benzo(a)pyrene 
cadmium 
12-dichluoet hane 
magnesium 
manganse 
macury 
silver 

trichluoethene 
uranium -total 

antimony 1.7E-05 4.oE-04 4.2E-0; 

arocla - 1260 

2.3.7.8-tcdd 

2.8E-07 

4.8E-05 
5.7E-06 
2.6E-07 
6.3E-06 

2.8E-02 
8.3E-03 
7.OE-07 
6.1E-06 

2.6E-08 
9.2E-05 

NA 
NA 

3.oE-04 
5.OE-03 

1 .OE - 03 

9.7E+00 
1.4E-01 
3.OE-04 
5.OE-03 

6.OE-03 
3.OE-03 

NA 

NA 

NA 

NA 
NA 

1.6E- 01 
1.1E-0: 

6.3E-0: 
NA 

NA 
2.9E-0: 
5.9E-0; 
2.3E-0: 
1.2E-0: 

NA 
4.3E-& 
3.1E-0i 

uoclff - 1254 
UOCIIX- 1260 
usenic 
~ayllium 
>emo(a)pyrene 
:admiurn 
1.2-dichluoet hane 
magnaium 
nanganke 
nacury 
iilva 
!,3,7,8 -tcdd 
richluoethene 
iranium-total 

7.7E+00 
7.7E+00 
1.8E+00 
4.3E+00 
7.3E+00 

NA 

NA 
NA 
NA 
NA 

9.1E-M 

1.5E+05 
l.lE-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.9E-0i 

7.3E-06 
2.1E-06 
1.6E - 07 

NA 

NA 
NA 
NA 
NA 

2.4E-11 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 

ITLCR S u m m f i m  = 9.7E-06 
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Table H.V.1-29 
Summary of Risk Quantitation (radionuclides) 

Target Receptor: Off-Property Farm Resident (Child) 
Via Incidental Ingestion of Soil 

Risk Equation 

IRS 
EF 
EDn 
FI 
cs 

CSXEFXEDn XFIXIR - - 

Ingestion rate of soil (RAGS, 1989) 
l3posure bequency 
Exposure Duration 
Fractional Intake 
Concentration of radionuclides in soil 

9.OOE-04 pCi/mg 
pCi/mg 

26E-04 pCihng 
25OE-04 pCi/mg 
1.m-03 p c i g  
8.98E-04 pcimg 
1.12E-04 p c i g  

pcimg 
pCihng 

2.4OE-03 pcimg 

200 mg/day 
350 daydyear 

6 Year 
1 (unitless) 

pCimg 
pCi/mg 
pcimg 
pCi/mg 
pcimg 
P C h g  
P c i g  
pCi/mg 
pCi/mg 
pCimg 

CDI CSF TLCR 
Ladionuclides (pCi) (pCi1-l (unitless) 

R??26+Rd 

%O+ld 
e"rp 
rC99 
b 0  
b 2 + 1 ,  
Jum, 
'23R+2d 

3.78E+02 

l.llE+02 
1.05E+02 
7.43E + 02 
3.m+02 
4.7OE+Ol 
1.01E+03 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.80E- 10 
1.4OE- 12 
3.60E- 11 
13OE- 12 
13OE-11 
1.7OE-10 
1.60E-11 
2OOE-11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

295E-07 

4.01E-09 
137E- 10 
9.66E-09 
6.4lE-08 
7.53E- 10 
2.m-08 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA , 

NA 
NA 
NA 

3.94E-07 - I TLCR Summation - 



SA 
AF 
ABS 
CP 
EF 
EDn 
E D C  
BW 
ATc 
ATn 
cs 

Table H.V.l-30 
Summary of Risk Quantildioa (chemieak) 

Tar@ Receptor: Off-Roperty Farm Reid- (Child) 
Via Damal  C0nt.d waEh Soil 

- 
BWXAT 

Surfacearea of exposed skin (50th percentile, hands only) 
Sail to rkinadhcrcncc factor (RAGS 1989) 
chcmkalr rpccilicabrorbtion factor (see table below) 
Conversion factor 
Exposure frcqucney 
@xposurc duration for nOU-carcinogens 
Exporurc duration for carcinogens 
Bady weight 
Averas time for carcimgcns (littime) 
Avcngc time forn0U-srcinogenr (EDnx365) 
Colvrntra tion of chemicals in roil 

Compoud ABS Conccntrati Units 

antimony 
ardor-US4 
a r d o r -  U60 
arsenic 
beryllium 
benm(a)pyrcnc 
tadmium 
1.2 -didtloroeUm ne 
magnesium 
manpaere 
mercuy 
rilvcr 
2.3.1.8 - tcdd 
tricblmrocthcnc 
uranium - total 

1 .WE - 02 
6.00E-02 
6.00E-02 
1.00E-03 
1.00E-02 
3.00E-01 
1.WE-02 
3.00E-01 
1.00E-02 
1.WE-02 
S.WE - 02 
1 .OOE-02 
3.00E-02 
3.00E-01 
1.00E-02 

NA 

1.3OE+W 
2.20E-02 

3.79E + 00 
4.49E-01 
Z.OOE-02 
4.90E-01 

2.19E+03 
6.47@+02 
5.SOE-02 
4.8OE -01 

2 .WE - 03 
7.U)E+W 

l 2000 c m b  
1 mglcm 

1E-06 kdmg 
O V  

350 daydyear 
6 Year 
6 Year 

IS kg 
25550 days 
2190 days 

Compoud Colvrntmti Units 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 



Sonmary of Risk Qpam&tiom (dmieals)  
T a w t  Receptor: Off-Property Harm Residemt (Child) 

I HQCalculation 
1 CDI I RID I HQ 

Compound I (mdkg-day) I (mp/kg-day) I [utides 
anlimoay I1.66E-06 6.00E-OS 2.778-1 
smc~or -1254 
smclor-1260 
arsenic 
be#ium 
benzo(a)ppne 
cadmium 
1.Z-dcHometbane 
magnesium 
manganese 
merury 
dver 

tricblo met k n e  
uranium - total 

2,3,7.8-lcdd 

9E-07 

SE-07 
4E-07 
7E-07 
6E-07 

OE-03 
7E-04 
2E-07 
4E-07 

7E-08 
1E-06 

NA 
NA 
2.85E-04 
5.00E-03 

5.OOE-05 

USE-01 
4.20E-03 
4.SOE-OS 

NA 

NA 

NA 
NA 
5.88E-03 
1.50E-04 

NA 
NA 
NA 
NA 
NA 

E, 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

- 
TLCR Calculation 

CDI CSP TLCR 
Jompound fmdkg-day) (mn/k-day)-L [uridessl 
inlimonv 1.42E-07 NA NA 

NA 
NA 
1.70E-I 
1.1SE-l 

1.25E-I 

5.77E-I 
1.97E-I 
7.81E-I 

NA 

NA 

NA 
NA 
1.30E-I 
6.14E-( 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 

~ H Q  Sommation = 3.14E-( 

I TLCR Calculation 
I CDI 

imclor- 1254 
imlor-1260 
irsenic 
)eqUium 
)erm(a)Wene 
rdmium 
L.Z-dcHometbaae 
n a g d u m  
naaganese 
nerury 
aver 
!.3,7.8-kdd 
richlometkne 
rranium-total 

1.03E+01 
1.03E+01 
1.84E+00 
4.30E+00 

NA 
NA 

NA 
NA 
NA 
NA 

1.01 E - 01 

3.00E+OS 
1.12E - 02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.65E-08 
2.128-07 

NA 
NA 

NA 
NA 
NA 
NA 

7.388-11 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 
I TIER Summation = 4.378-07 



IR 
EF 
ED0 
EDC 
BW 
ATc 
ATn 
cs 

Ingestion raw of groundwater (RAGS, 1989) 
Exponrre frcqucncy 
Expor~rc dun tion for nOff -m IdnOgcM 
E.xposure duration for orcinogcns 
Body weight 
A v c n g  timc for carcinogens (liktimc) 
A v c n g  timc fornOff-carcinogens (EDnx365) 
Concentration of chemicals in groundwstcr 

Table H.V.l-31 
Summary of Risk Quaotitlion (d~emicak) 

Tu@ Rcxeptor: Off-Property Farm Resided (Child) 
Via Drinking Waa Ingestion 

- 
BWXAT 

Compoud Concentn tion Units 

antimony 

a r d o r -  U60 
arsenic 
beryllium 
henm(a)pyrrnc 
admium 
1.2-didoroctbanc 
maEncshm 
manganese 
mercury 
snur 
2.3.1.8 - tsdd 
trichlmxthenc 
uranium-total 

P I d O r -  Us4 

2.69E - 04 

l.OSE+W 
6.388-03 
1.99E-06 

S.61E-03 

1 vday 
3 9  daydycar 

6 Year 
6 Y a r  
IS kg 

2ssY) days 
2190 days 



Table H.V.1-31 (mntinmed) 

Comgound 
antimony 

HQCalculation TLCRBlculation 
CDI RID HQ CDI CSP TLCR 

(mdh-day) (mdh-day) (uirlessl Compound (m&-day) (mgkg-day)-l (uaidess’ 
NA 4.00E-04 NA antimony NA NA NA 

amclor-1260 
arsenic 
beflium 
benao(a)pyreac 
cadmium 
l,2-&cHometbne 
magnesi um 
mangsnese 
mercury 
silver 
2,3,7.8 - tcdd 
trichlometkne 
uranium-total 

amclor-1254 NA NA amclor - 1254 
NA 
3.00E-04 
5.LWE-03 

1.00E-03 

9.70E+00 
S.OOE-03 
3.00E-04 
S.00E-03 

6.00E-03 
3.00E - 03 

NA 

NA 

NA 

NA 
NA . 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 7.70E+00 
NA 

NA 
NA 
NA 
NA 

5.72E-02 

6.93E-03 
8.15E-02 
4.24E-04 

NA 
NA 
NA 

NA 
NA . 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.19E-01 

NA 

I I H Q  Sumnution = 2.66E-01 

amclor-1260 
arsenic 
beqllium 
bem(a)pyreac 
cadmium 
1,2-&cHoroetbne 
magncsum 
mangsnese 
mercury 
silver 
2.3.7.8 - tfdd 
trichlometkne 
uranium-total 

E-06 

E-03 
E-05 
E-08 

E-OS 

7.70E+00 
1.7SE+00 
4.30E+00 
7.30E+00 

9.10E-02 
NA 

NA 
NA 
NA 
NA 
l.SOE+OS 
1.1OE-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.S8E-Ot 

I I TLCR Summation = 2.58E-06 
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lisk Equation 

IR 
EF 
EDn 
FI 
cw 

Table kV.1-32 
Summary of Risk Quantitation (radionuclides) 

Target Receptor: Off-Property Farm Resident (Child) 
Via Ingestion of Drinking Water 

- - CWX EFX EDn X FI X IR 

Ingestion rate of groundwater (RAGS, 1989) 
Exposure fnquency 
kposure duration 
Fractional intake b r  radionuclides 
Concentration of radionuclides in groundwater 

1 Vday 
350 daysbear 

6 Year 
1 (Unitless) 

(see table below) 

NA 
NA 

1.4E+03 
4.7E+04 

NA . NA 
3.7E+o2 
4.6E+03 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.8E- 10 
1.4E- 12 
3.6E- 11 
1.3E- 12 
1.3E- 11 
1.7E- 10 
1.6E- 11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

4.98-08 
6.1E-OS 

NA 
NA 

5.9E-09 
9.1E-03 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 
I TLCR Summation =I 2.1E-07 



DA 
EP 
EDn 
EDC 
Bw 
ATc 
ATn 
SA 

Table H.V.l-33 
Summary of  Risk Quantitdim (chemicals) 

Tug& Reccpor: Off -Propdy Farm Raided  (Child) 
Via Dcrmd Contact while Buhing 

Dcrmalabrmbed dose 
exposure IIcqucnLy 

Exposure d u n  tion for carcinogens 
Body weight 
Avelagc time for carcinogens (liktimc) 
A v c ~ ~  time fornOff-~rcinogens (ED0.365) 
Skin surface area available for contact 

Exposure duntion for nOff-car&OgCM 

C o m p o u d  DA Uniu 

antimony 
a r d o r -  US4 
ardor-I260 
arsenic 
beryllium 
benm(a)pymic 
cadmium 
1.2-didoroctha 
ma8ncshm 
mangncrc  
mercury 
raw1 
2.3.7.8 -tcdd 
trichlmocthcnc 
uranium-t&l 

nc 

NA mdcm2-da y 
NA mdcm2-L y 
NA mdcrn2-Qy 
6.72E-10 mglcm2-L y 

NA mglcm2-L y 
NA mglcm2-L y 
NA mglcm2-Ly 
NA mglcm2-L y 
2.638-06 mgIcm2-Ly 
1.S9E-08 mg/cm2-Ly 
4.988-12 mglcm2-Ly 

NA mg/cm2-Ly 
NA rndcm2-Ly 
NA mglcm2-Ly 
I.ME-M mgtcm2-Ly 

NA mdcm2-Ly 

csv mdcm2-Ly 
350 daysfyear 

6 Year 
6 Year 

IS kg 
25550 dap 

23000 cm2 
2190 Lyl 

C o m p o u d  DA Units 

NA mdcm’-Q y 
NA mgicm2-8 y 
NA mdcm2-L y 
NA mdcm2-L y 
NA mdem2-L y 
NA mgtcm2-hy 
NA mucm’-&y 
NA mdcm’-Ly 
NA mdcm2-& y 
NA mdcm2-Ly 

NA mdcrn2-& y 
NA mdcm2-L y 
NA mdcm2-L y 
NA mdcm2-Q y 

NA mglcm2-Ly 



Table KV.1-33 ( o o m t i r m e d )  
Summary of Risk Quamfihfigm (demials )  

T a m t  R e e p b r :  Off-Property FarmResidemt (Child) 

%ompound 

HQcalculation 
CDI RID HQ 

[mdkg-day) (mdkg-day) [umdesr 

I HQ Sunmation = 1.SSE-0 

NA 
NA 

NA 
NA 
NA 
NA 

3.46~-a 

7.978-0 
5.58E-0 
1.63E-0 

NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

i .37~-a  

NA 
NA 
2.85E-04 
S.00E-03 

5.OOE-05 

4.85E-01 
4.U)E-03 
4.SOE-OS 

NA 

NA 

NA 
NA 
5.88E-03 
1.50E-04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

amclorL12S4 
amclor- 1260 
B t S d C  

beflium 
benaD(a)pjTene 
idmiurn 
1,2-dcttoroethane 
magaesium 
manganese 
mercury 
iilver 

tricblometkne 
uranium-total 

1.3.7.8 - tedd 

1.03E+01 
1.03E+01 
1.84E+00 
4.30E+00 

NA 
NA 

NA 
NA 
NA 
NA 

1.01E-01 

3.00E+05 
1.12E - 02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.56E-0 

ITER Summation = tS6E -0' 



Table I1.V.1-34 
Summary of Risk QuaMitdiw (chemic&) 

Targel Receptor: Off-Ropcrty Fum Reid& (Child) 
Via Ingestion of M- Produds 

- 
BWXAT 

IR 
FI 
EP 
@ D O  
EDc 
Bw 
ATc 
ATn 
CS 

Ingestion ntc of mcat 
Fection ingcatcd from 
Exporurc frcqucng 

Erposurc dun tion for a rcinagcns 
Body weight 
Avcng: time forcdrchgcns (libtimc) 
Avcrag timc fornOff-~rcinagcna (EDnx365) 
Co~ccnbation of chemicals in mcat 

mim tcd IOUICC 

@XPOSUIC duntion 101 ~ ~ O f f - a I d n O g c ~ ~  

0.039 kdday 
0.15 (Unillcss) 
350 &Wear 

6 Year 
6 Year 

15 kg 
25550 dap 
2190 dap 

Compouad Co~ccntp tion Units 

antimony 
a r d o r -  1254 
ardor-Ub0 
ancnic 
beryllium 

mdmium 
1.2-didoroclba 
magncahm 
manpneac 
mercury 
Iil%I 
2.3.1.8 - tcdd 
trichlrrocthcnc 
unnium-t&l 

benim(a)pyrcnc 

1.4E-05 
6.7E-01 

1.9E-05 
4.5E-07 
6.88-01 
1.5E-06 

S.SE-01 
3.4E-03 
6.3E-04 
3.0E-05 

1.OE-09 
1.4E-06 

nc ,/ .: 



<- 

Compound 
antimony 

Table H.V.1-34 (continued) 
Summary of Risk Qpantitdon (chemials) 

Target Receptor: Off-Property Farm Resident (Chid) 
Via Ingestiom of M a t  Products 

HQCalculation 
CDI RfD HQ 

[mplkg-day) (mrJkg-day) [urifless: 
2.6E-08 4.OE-04 6.4E-05 

amcIor-12S4 
amclor-1260 
arsenic 
begilium 
benm(a)pyrene 
cadmium 
1.2-dcHometbane 
magnesium 
manganese 
mercury 
silver 
2,3,7,8-kdd 
tdchlometkne 
uranium-total 

NA 
NA 

3.OE-04 
5.OE-03 

1.OE-03 

9.7E+00 
1.4E-01 
3.OE-04 
5.OE-03 

NA 

NA 

NA 
6.OE-03 
3.OE-03 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

1.2E-04 
1.7E -07 

NA 

NA 
1.4E-05 

1.1E -04 
4.5E-05 
3.9E-03 
1.1E -05 

NA 
3 . i ~ - i a  
8.78-07 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I HQ Summation = 4.3E-03 

Compound 
antimony 
amdor-1254 
amclor - 1260 
arsenic 
begilium 
benm(a)pyrene 
cadmium 
1.2-det4omethne 
magnes um 
manganese 
mercury 
silver 
2.3.7,8-kdd 
tricliometkne 
uranium -total 

TLCR Calculation 
CDI I CSF I TLCR ~~~ 

(mrJkg-day)I (mrJkg-dayl-' I [udtless 
2.2E-09 NA NA 
l.lE-10 
'A 
3.OE-09 
7.2E-11 
l.lE-10 
1.2E-09 
IA 
8.9E-OS 
5.48-07 
1 .OE -07 
4.78-09 
'A 
1.6E-13 
2.2E- 10 
'A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

7.7E+00 
7.7E+M) 
1.8E+00 
4.3E+00 
7.3E+00 

9.1E-02 
NA 

NA 
NA 
NA 
NA 

1.5E+05 
1.1E-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

8.3E-1( 

5.3E-OS 
3.1E-1( 
7.9E-1( 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.8E-l! 

:LCR Summation = 7.3E-09 



tisk Equation 

IR 
F I  
EF 
EDn 
Cf 

Table H.V. 1 - 35 
Summary of Risk Quantitation (radionuclides) 

Target Receptor: Off-Property Farm Resident (Child) 
Via Ingestion of Meat Products 

CfX EFX EDn X FI X IR - - 

Ingestion rate of meat 
F a  tion ingested from contaminated s o w  
Exposure frequency 
Exposure duration 
Concentration of radionuclides in meat 

R%26+8d 2.8E-04 
h222 NA 
sr,+,Ci 1.OE-02 
=%9 l.OE+OO 

HE-06 
2.9E-M 

U p s ~  2.2E-05 

Thuo 
Thue+lOd 

ups+zd 4.E-04 

0.039 kg/day 
0.75 (Unitless) 
3 s  daysryear 

6 Year 

CDI CSF TLCR 
ladionuclides ( p a )  (pa)- '  (unitless) 

1.7E-02 
NA 

6.1E-01 
6.3E+01 
3.5E-04 
1.8E-04 
1.4E-03 
2.9E-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.0E- 10 
1.4E- 12 
3.6E- 11 
1.3E- 12 
1.3E- 11 
1.7E- 10 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.3E- 11 

2.2E-11 
8.1E-11 
4.6E-15 
3.1E- 14 
2.2E- 14 
5.E- l3 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.2E- 10 - I TLCR Summation - 



IR 
R 
EP 
ED0 
EDC 
BW 
ATc 
ATn 
CS 

Table II.V.l-36 
Summary of Risk Quaatitlion (chemicaki) 

Target Rcceplor: Off-Ropaly Farm Residea (Child) 
Via Ingestion of Dairy Products 

. 

- 
BWXAT 

Ingestion rate of dairy products 

Exporurc duration for n08-srdnogcm 

Fraction ingested ban conemimtcd SOUICC 

Exposure frequency 

Exposure dura tion for a rcinogem 
Body weight 
Avenge time for arciDogcns (liktime) 

Concentla tion of chemicals in animal prodvh 
Avenge time for nOff-arcinogenS (EDnXMS) 

Compoud Concentlation Units 

antimony 
a r d o r  - US4 
ardor-  U60 
aIScnic 
beryllium 
benm(a)pyme 
admium 
1,2-dichlorocth 
magnesium 
manpnerc 
mercury 
d \ c r  
2.3.7.8-lcdd 

ura nium - total 
tr iChlROCthCOC 

ne 

1.4E-03 
2.1E-04 

5.7E-04 
4.0E-07 
2.2E-04 
1.4E-02 

4.4E+02 
2.9E+00 
l . lE-03  
2.0E-01 

3.2E-07 
4.2E-03 

0.9 W y  
0.75 (Unitleu) 
350 & w e a r  

6 Ycar 
6 Ycar 

IS kg 
25550 days 

2190 days 



Table H.V.1-36 Imnti.~ed> 
Summary of Risk Q ~ a ~ t i \ t r t i o ~  (chemicals) 

Target Recepbr: Off -Property Farm Resident (Child) 
Via Ingestion of Dairy Prodacts 

Compound 
antinmy 
amclor- 1254 
amclor- 1260 
arsenic 
beqUium 
benzo(a)pyrene 
cadmium 
1.2-dctiomettane 
magnesium 
manganese 
mercury 
silver 

tncliometkne 
uranium-total 

2.3.7.8-tcdd 

HQ Calculation 
CDI RfD HQ 

Jrnplkg-day) [mi&,-day) [ulitless 
5.9E-05 4.OE-04 1.5E-01 
9.1E-06 

2.5E-05 
1.7E-08 
9.3E-06 
5.9E-04 

QA 

i A  
1.9E+01 
1.3E - 01 
4.9E-05 
8.5E-03 

1.4E-08 
ME-04 

QA 

i A  
QA 
QA 
i A  
QA 
QA 
QA 
QA 
QA 
QA 
rlA 
VA 
QA 
JA 
QA 
QA 

NA 
NA 

3.OE-04 
5.OE-03 

1.OE-03 

9.7E+00 
1.4E-01 
3.OE-04 
5.OE-03 

6.OE-03 
3.OE-03 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

8.2E-0; 
3.5E-Ot 

5.9E-01 
NA 

NA 
2.OE+O( 
9.1E-01 
1.6E-01 
1.7E+O( 

2.3E-Ot 
6.OE-0; 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

HQ Sumnution = 5.6E+O( 

I TLCR Calculation 
I CDI 1 TLCR 

hmpound 

imclor- 1254 
imclor - 1260 
irsenic 
ieqUium 
ienzo(a)pyrene 
rdmium 
..2-dcHoroetkme 
nagnesi um 
nanganese 
nerury 
aver 
!,3,7.8 - tcdd 
ricblometkne 
iranium-totd 

intimny 

7.7E+00 NA 
2.1E-06 1.8E+00 3.7E-Ot 

5E-09 4.3E+00 6.4E-OS 
OE-07 7.3E+00 5.8E-Ot 
1E-05 NA NA 

9.1E-02 NA 
6E+00 NA NA 
1E-02 NA NA 
2E-06 NA NA 
3E-W NA NA 

l.SE+OS NA 
2E-09 1.1E-02 1.3E-11 
6E-05 NA NA 

I 
[TIER Summation = 1.6E-0! 
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tisk Equation 

IR 
m 
EF 
EDn 
CP 

Table H.V.1-37 
Summary of Risk Quantitation (radionuciides) 

Target Receptor: Off- Property Farm Resident (Child) 
Via Ingestion of Dairy Products 

Cp X EF X EDn X FI X IR = 

Ingestion rate of dairy products 
Fraction ingested fmm contaminated soum 
Exposure frequency 
Exposure duration 
Concentration of rdionucliies in animal products 

Ra22E+8d 5.1E-01 
h2n NA 
Sr90+ld S.OE+Ol 
T%9 1.2E+03 
-20 4.8E-03 
%+lM 2.4E-03 
urn, 6.9E-02 
ups+2d 1.4E+00 

0.9 Vday 
0.75 (Unitlen) 
350 daysbear 

6 Year 

CDI CSF TLCR 
Ladionuclides ( p a )  (pCi)-l (unitless) 

Ra226+Sd 7.2E+02 7.8E- 10 5.6E-07 

jr, + Id 7.1E+04 3.6E-11 2.5E-06 
rC99 1.7E+06 1.3E-12 2.2E-06 

8.8E- 11 6.8E+00 1.3E-11 
3.5E+00 1.7E- 10 5.9E- 10 

b s l u a  9.7E+o1 1.6E-11 1.6E-09 
b 8 + 2 d  2.OE+Q3 2.OE- 11 4.OE-OB 

b 2 2 2  NA 1.4E- 12 NA 

b 
b + l M  

NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
,NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 

5.4E-06 - I TLCR Summation - 



IR 
FI 
EP 
EDn 
EDC 
B W  
A T c  
ATn 
cs 

P 

Table II.V.l-38 
Summary of Risk Quaniitaioo (rbemicak) 

Tugd Recepor: Off-Property Farm Reid- (Child) 
Via Ingestion of Vegdablcs and Fruks 

- 
B W X A T  

Ingestion nte of fruits or vcgeti bles 
Fraction ingested from contimimted SOUISC 

Exposure frequcng 
Exposure duration for nOff-cardnogem 
Exporurc duration for carcinogens 
Body weight 
A v e n p  time forcarcinogens (lihtime) 
A v c n p  time for nOff-carcinogens (EDnx365) 
Comatation of chemicals in vegctiblcs 

Compoud Concentation Units 

antimony 
a rdor-  1254 
a r d o r -  1260 
arsenic 
bcryilium 
bcnim(s)pycnc 
cadmium 
I.2-diddoroctle 
magnesium 
manganese 
mercury 
s i h r  
2.3.7.8 - tcdd 
trichlaocthcnc 
umnium-total 

ne 

2.6E-01 
2.8E-04 

l.SE-01 
4.SE-03 
2.3E-04 
2.7E-01 

2.28+03 
1.6E+02 
S.OE-02 
1.9E-01 

3.28-03 
8.9B-02 

0.106 kgkhy 
0.5 (Unitless) 
3.50 dayr3.ear 

6 Yar 
6 Year 

IS kg 
255.50 days 
2190 days 

. .  



Table H.V.1-38 ( a o m t i s m e d )  
Summary of Risk Quadtrtiom (chemicals) 

Target Reaepbr: Off-Propertyhm Residemt (Child) 
VL Ingestion of Vegetables and Prmits 

Compound 
anhmonv 

HQCalculation 
CDI RfD HQ 

(mdkg-day) (mdlrg-day) (uridess 
8.8E-04 4.OE-04 2.2E+M 

amclor-1254 
amclor- 1260 
arsenic 
beflium 
bem(a)pyrene 
cadmium 
1,2-dcPo~1ethane 
magnesium 
manganese 
mercury 
silver 

trichloroetkne 
uranium-total 

2.3.7,8-lcdd 

8.1E-08 

4.4E-05 
1.3E-06 
6.78-08 
7.88-05 

6.4E-01 
4.7E-02 
1.4E-OS 
5.6E-05 

9.28-07 

NA 

NA 

NA 

NA 
NA 

3.OE-04 
5.OE-03 

1 .OE - 03 

9.7E+00 
1.4E-01 
3.OE-04 
5.OE - 03 

6.OE-03 
3.OE-03 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

1.7E+O( 
3.OE-0: 

NA 

NA 
9.1E-0; 

7.7E-01 
3.9E+O( 
S.6E-0' 
1.3E-0i 

1.8E-0: 
1.OE-01 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 

I HQ Sumnution = t.OE+Ol 

I TLCR Calculation 
I I CDI I CSF I TLCR 

amclor - 1254 
amclor- 1260 
arsenic 
beflium . 
bem(a)pyrene 
cadmium 
1.2-dcHomethane 
magnesi um 
manganese 
mercury 
silver 
2.3.7.8-ledd 
trichloroetkne 

I uranium-total 6E-05 

7.7Ef00 
7.7E+00 
1.8E+00 
4.3E+00 
7.3E+00 

9.1E-02 
NA 

NA 
NA 
NA 
NA 

1.5E+05 
1.1E-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.2E-01 

7.8E-05 
5.6E-Of 
4.9E-0i 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.OE-08 

I 
I T E R  Snmmation = 8.4E-OS 



Lisk Equation 

IR 
FI 
EF 
EDn 
cv 

Table KV.1-39 
Summary of Risk Quantitation (radionuclides) 

Target Receptor: Off-Property Farm Resident (Child) 
Via Ingestion of Vegetables and Fruits 

CvX EFX EDn X FI X 1R - - 

Ingestion rate of fruits or vegetables 
Fraction ingested fmm contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in vegetables 

1.4E+01 
NA 

6.78+02 
2.5E+03 
1.5E+00 
7.6E-01 
1.8E+00 
3.1E+Ol 

0.106 kglday 
0.5 (Unitles) 
350 dayslyear 

6 Year 

CDI CSP TLCR 
!adionuclides ( p a )  (pC3-l (u oi t less) 

1.5E+03 
NA 

7.4E+04 
2.8E+Cb 
1.7E+O2 
8.5E+01 
2.OE+O2 
3.5E+03 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.8E- 10 
1.4E- 12 
3.6E- 11 
1.3E- 12 
1.3E- 11 
1.7E- 10 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.2E-06 

2.7E-06 
3.6E-07 
2.28-09 
1.4E-08 
3.2E-09 
6.98-08 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 

N 4  

4.38-06 - I TLCR Summation - 



. .  

R%m+Rn 2.8E+00 6.OE-06 1.7E-U5 
b2?2 NA 1.2E-09 NA 
S'SO+ld 8.2E-01 NA 

7.8E-01 6.OE- l3 4.7E- 13 
5.5E+00 5.4E- 11 3.OE- 10 
2.8E+00 8.5E-06 2.4E-05 

urn, 3.5E-01 2.48-07 8.4E-08 
u?38+2d 7.5E+00 5.1E-08 3.8E-07 

T% 
% 
&+lOd 

6 349  

Table H.V.1-40 
Summary of Risk Quantitation (radionuclides) 

Target Receptor: Off-Property Farm Resident (Child) 
Via External Radiation 

)oseEquivalencvEquat = [DRXEFXEDnXmiX(l-SH;)] +(DRXEFXEDnX ETeX(l-SHo)] 

EF 
ED Exposure duration 

Fraction of year spent exposured 

Fractionofdayspent indoors 
Fractionofdayspentoutdoors 
Shield factor indoors 
Shield factor outdoors 

*i 
ET, 
SH; 
SHO 
DR Radionuclide specific dose concentrations 

9.00E-01 pWg 

2.65E-01 pWg 
2.50E-01 pWg 

8.98E-01 pWg 
1.12E-01 pWg 

NA PWg 

1.77EW pWg 

2.40E+00 pWg 
NA Pwg 
NA PWg 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.96 (unitless) 
6 Year 

0.92 (unitless) 
0.08 (unitless) 
0.5 (unitless) 

(uni tless) 
(see table below) 



Table I1.V.1-41 
Summary of Risk Quantitdion (abcmicak) 

Rcfacnce Receflor: On-Property Farm Raridcnt (AduL) 
Via Inhalation of Puticul.tar 

IR 
EF 
ED0 
EDC 
Bw 
ATc 
ATn 
cs 

lnbabtionrate d pscr (RAGS, 1989) 
Exposure frcqucncy 
~ U I C  duetion for ~ o n - c a r ~ i n o g ~  
Exposure duntion for srcincgcnr 
Body weight 
Avcrap time forercinogens (liktimc) 
Averagc time for om-carcinogens (EDn x365) 
Concentration of chemicals in soil 

- 
BWXAT 

Compoud Concentra tion Units 

antimouy 

ardor-1260 
arsenic 
beryllium 

sdmium 
I.2-dirhloroctha 
magnesium 
mangncsc 
mercury 
silver 
2.3.7.8-lcdd 
trichlaocthcnc 
u n  nium - t a l  

P I d O I -  1254 

benm(a)pyrcnc 

I ne 

2.833-09 
5.3E-11 

3.9E-09 
4.6E-10 
1.3E - I1 
3.9E-10 

5.7E-06 
5.2E-07 
1.7E-10 
1.3E-09 

7.7E-13 
1.2E-08 

20 m31day 
350 d a w a r  
70 Year 
70 Year 
70 kg 

25550 dap 
25550 dap 

(see table below) 



Table H.V.1-41 (mmiimmed) 
Summary of Risk Qoamtitrtiom (chemials) 

Robreace Receptor: On-Pmprt  h r m  Resideat (Adult) 
Via Inhalatiom of Pmtialrtes 

1.4E-11 

l.lE-09 
1.2E-10 
3.5E-12 
l.lE-10 

1.6E-06 
1.4E-07 
4.7E - 11 
3.6E-10 

2.1E-13 

NA 

NA 

NA 

HQCalculafon 
I I CDI I RfD I HQ 
Compund 
anfimny 1 7.6E-10 NA NA 

I (mdk-day) I [mdk-day) I [umdess 

adorL1254 
amclor- 1260 
arsenic 
beqllium 
bem(a)pyrene 
cadmium 
1,Z-dcHometk.ne 
magnes um 
manganese 
menury 
silver 
2.3.7.8-lcdd 
trichloroetkne 
I uranium-total 2E-09 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.9E-03 

1.4E-05 
8.6E-OS 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.OE-0: 
5.5E-0 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

IHazard Qnotisnt Snm = 1.OE-0; 

I TLCR Calculation 
I CDI I TLCR 

imclor- 1254 
imclor-1260 
LrSeniC 
ieqilium 
iem(a)wene  
rdmium 
.,2-&cHomethne 
nagnesum 
nanpnese 
nenury 
aver 
!,3,7,8 - tcdd 
richloroetkne 
innium-total 

NA 
NA 
NA 

l.SE+Ol 
8.4E+00 
6.1E+00 
6.3E+00 
9.1E-02 

NA 
NA 
NA 
NA 

1.5E+05 
6.OE-03 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

1.6E-(X 
1.OE-05 
2.1E-11 
6.7E-1( 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.3E-15 

I 

ITLCR Snmmation = 1.8E-08 



Lisk Equation 

IR 
EF 
EDn 
ca 

Table H-V.1-42 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: On-Property Farm Resident (Adult) 
Via Inhalation of Gases and Particulates 

CaXEFXEDnXIR - - 

Inhalation rate of gases (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in air 

1.6E-06 

2.48-07 
1.6E-07 
1.8E-06 
7.OE-07 
5.3E-08 
3.9E-06 

2.2E+01 

CDI CSP TLCR 
kdionuclides ( p a )  (pa)- '  (unitless) 

7.7E-01 
1.1 E+07 
1.2E-01 
7.8E-02 
8.8E-01 
3.4E-01 
2.6E-02 
1.9E+00 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.OE-09 
7.3E- 13 
6.2E-11 
8.3E- 12 
2.9E-08 
l.lE-07 
25E-Q8 
2.4E-08 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.4E-09 
7.98-06 
7.2E- 12 
6.5E- 13 
2.68-08 
3.88-08 
6.5E- 10 
4.6E-08 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

8.OE-06 - I TLCR Summation - 



IRr 
C F  
EF  
EDn 
EDe 
BW 
ATc 
ATn 
cs 

E 

Table Li.V.l-43 
Summary of Risk Quantitrdioa (chemic&) 

R e f a m c c  Rcccpor: O n - R o p a t y  Farm Residcnt (Aduk) 
Via Incidental Ingetion of Soil 

Ingestion ntc of soil (RAGS, 1989) 
Conversion factor 
Exposure frequency 
Exposure duetion for non-carcinognr 
Exposure dun tion for arcinogcns 
Body wcight 
Averaglc time f o r e r c h g c n r  (liktimc) 
Avcrags time for nm-ercimgcns (EDn x365) 
Concentration of chemicals in soil 

- 
BWXAT 

Compoud Concentntion Units 

antimony 
a r d o r  - US4 
ardor-lZ6O 
arsenic 
beryllium 
benzo(a)pyrcne 
sdmium 
1.2-didoroctle 
magnesium 
mangnesc 
mercury 
silucr 
2.3.7.8 - tcdd 
trichlaocthcnc 
unnium-total 

ne 

180 mg/day 
1.0E-06 kg/mg 

350 dayslycar 
70 Year 
70 Year 
70 kg 

25550 day3 
25550 day3 

(rce table below) 

Compoud Concentration Unita 



Table lI.V.1-43 fcontinucd) 

kmpound 
lntimonv 

Summary of Risk Qmnfi;ation (eh&icals) 
Rcfcrcncc  Receptor: On-Property Farm Resident (Adult) 

Via Incidental  Ingestion of Soil  
TLCR Calculaion 

CDI CSF TLCR 
(mpllrg-day) (rnpllrg-day)-l (unklgs) 
9.8E-06 NA NA 

Compound 
antimony 
UOC~CS - 1254 
UOC~CX - 1260 
arsenic 
bayllium 
bemo(a)pyrene 
cadmium 
1.2-dichlcroet hane 
magnaiium 
manganese 
macury 
silva 

trichluoethene 
uranium-total 

2.17.8-t~dd 

H Calculaticm 

-da -da untless 
9.8E-06 4.OE-04 2.4E-M 
6.1E-08 NA NA 

VA NA NA 
1.4E-05 3.OE-04 4.7E-02 
1.6E-06 5.E-03 3.3E-04 
4.98-08 NA NA 
1.X-06 1.OE-03 I S - 0 3  

VA NA NA 
1.2E-02 9.7E+00 1.2E-03 
2.OE-03 1.4E-01 1.4E-02 
5.2E-07 3.OE-04 1.E-03 
4%-06 5.OE-03 9.1E-04 

VA NA NA 
1.9E-09 6.OE-03 3.1E-07 
2.9E-05 3.OE-03 9..SE-03 

VA NA NA 
VA NA NA 
w NA NA 
NA NA NA 
w NA NA 
w NA NA 
w NA NA 
VA NA NA 
VA NA NA 
VA NA NA 
VA NA NA 
w NA NA 
VA NA NA 
VA NA NA 
VA NA NA 
VA NA NA 

IIQ Summaim = 1 .OE -01 

lroclcr - 1254 
UOCIIX- 1260 
usenic 
)ayllium 
)emo(a)pyrene 
:admiurn 
1.2-dichlcroci hane 
nagnesiud 
nanganese 
nacury 
ilva 

richluoethene 
iranium -t oial 

!.3.7.8 -tcdd 

.1E-08 7.7E+00 
7.7E+00 

.4E-05 1.8E+00 
1.6E-06 4.3E+00 
4.9E-08 7.3E+00 

9.1E-02 
5E-06 NA 

2E-02 NA 
2.OE-03 NA 
52E-07 NA 
.E-06 NA 

l.SE+OS 
9E-09 1.1E-02 
9E-05 NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.7E-07 

2.X-05 
7.OE-06 
3.6E-07 

NA 

NA 
NA 
NA 
NA 

2.OE-11 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I I TLCR Summaim = 3.3E - 05 

. t. 



L 6 3 4 9  

Table H.V.1-44 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: On-Property Farm Resident (Adult) 
Via Incidental Ingestion of Soil 

CS X EFXEDn XFI XIR - \isk Equation - 

IRS 
EF Ekposure frequency 
EDIl . msureDuration 
FI Fractional Intake 
cs 

Ingestion rate of soil (RAGS, 1989) 

Concentration of radionuclides in soil 

R??26+Rd 1.6OE-03 pCi/mg 
pCi/mg 

3.69E-04 pCimg sr90+ld 
25OE-04 pCimg 
214E-03 pCimg 
l.llE-03 pCimg 

U23m36 7.06E-05 pCi/rng 
u23R+2d 3.895-03 pCi/mg 

pCi/mg 
pCi/mg 

-22 

T% 
-0 
%2+lOd 

180 mg/day 
350 daysbear 
70 Year 
1 (unitless) 

pCi/mg 
pCi/rng 
pCi/rng 
pCihng 
pcirng 
pCi/mg 
P C h g  
pCi/mg 
pCi/mg 
pCi/mg 

CDI CSF TLCR 
Ladionuclides (pCi) (pCi1-l (unitless) 

7.06E+03 

1.63E+03 
l.lOE+O3 
9.44E+03 
4.90E+O3 
3.11E +02 
1.70E+04 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.80E- 10 
1.4OE- 12 
3.6OE- 11 
1..3OE- 12 
1.3OE- 11 
1.70E- 10 
1.6OE-11 
200E- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.50E - 06 

5.86E-08 
1.43E - 09 
1.23E-07 
8.32E-07 
4.98E - 09 
3.4OE-07 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.86E-06 - I TLCR Summation - 



Table Il.V.1-45 

R e f a a c e  Receplor: On-Ropcr(y Farm Residant (Aduk) 
Via Dermal Contact with Soil 

Summary of Rbk Quaotitation (chemic&) 

SA 
AF 
ABS 
C F  
EF 
ED0 
EDc 
BW 
ATc 
ATn 
cs 

P 

BWXAT 

SurLccarca of exposed skin (50th pcrccntilc. ban& only) 
S d  toskinadhcrena Lctor (RAGS, 1989) 
chcmkalr specificabsorbion factor (see table below) 
Conversion factor 

Exposure duration for non-carcinops 
Exporurc duration for carcinogens 
Body weight 
Aveng time for carcinogens (lifetime) 
Avcng time forncm-carcinogens (EDn x365) 
CoDccnta tion of chemicals in soil 

Exposure frequency 

Compoud ABS Co~ccntnt i  Units 

antimony 
a r d o r -  u s 4  
ardor-lZ6O 
arsenic 
beryllium 

cadmium 
1.2-didoroeth ne 
magnesium 
manganese 
mercury 
silwr 
2.3.7.8 - tsdd 
trichloocthcnc 
unnium-t&l 

benm(a)pyrene 

1 .WE -02 
6.WE-02 
6.WE-02 
1.00E-03 
I.WE-02 
3 .WE -01 
1.WE-02 
3.WE-01 
1.WE-02 
1.WE-02 
5.WE-02 
1.WE-02 
3.WE-02 
3.WE-01 
1.WE-02 

NA 

3.97B+W 
2.468-02 

S.75E+OO 
6.62E-01 
2.WE-02 
5.968-01 

4.75E+03 
B.lZE+M 
2.09E-01 
1.84E+W 

7.55E -04 
1.16@+01 

1 9% c m b  
1 mglcm 

I@-06 kdmg 
CSV 

3% d a w e a r  
70 Year 
70 Year 
70 kg 

255% dayr 
ZSSY) day 

Compourd CoDccntnti Units 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

.. i 

. . .? 



Table H.V.1-45 (aontirnmed) 
Summa 'J 

Reerenee Remi 
VI 

amclor- 1254 
amclor-1260 
arsenic 53E-07 2.85E-04 1.59E-0: 
beflium .21E-07 5.00E-03 1.04E-04 
benm(a)pyrene ,738-07 NA NA 
cadmium ,698-07 5.00E-05 9.39E-02 
1,2-dchlometbane 
m a g d  um E-03 4.85E-01 7.71E-03 
manganese E-04 4.20E-03 1.52E-01 
mercury E-07 4.50E-OS 1.83E-02 
silver 
2.3,7.8-lcdd 
trichloroetkne E-08 5.88E-03 3.03E-06 
uranium-totd E-06 1.50E-04 6.098-02 

I f  Risk Qaamtiktiorn (chemicals) 
~ f :  &-Property Fam Resident (Adult) 
Dermal Corntactwith Soil 

I TLCR Calculation 
I CDI I CSF I TLCR ~~~~ 

Compund 
antimny 13.13E-06 NA NA 

I [mn/kg-day)l [mn/kg-day)-L I (udtless 

I 

I TLCR Summation = 4.278-06 

aroc~or-1254 
amclor-1260 
arsenic 
beflium 
benm(a)pyrene 
cadmium 
l,?-dcHomethane 
magnesium 
manganese 
metcury 
silver 

trichloroetkne 
uranium-total 

2.31.8 - tcdd 

1.16E-07 1.03E+01 
1.03E+01 

4.53E-07 1.84E+00 
5.21E-07 4.30E+00 
4.73E-07 NA 
4.69E-07 NA 

3.748-03 NA 
6.40E-04 NA 
8.23E-07 * NA 

5E-06 NA 
3.00E+05 

8E-08 l.lZE-02 
4E-06 NA 

1.01E-01 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.19E-01 

8.348-0 
2.24843 
NA 
NA 

NA 
NA 
NA 
NA 

2.00E-1( 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 



IR 
EF 
@ D O  
EDc 
BW 
ATc 
ATn 
cs 

P 

Ingcstion rate of groundwalcr (RAGS, 1989) 
Exponrrc frcqucng 
Expure  dura tion for non-carcinognr 
Exposure duntion for carcioogcnr 
Body weight 
Average lime forercinogcnr (libtimc) 
Average time for om-carcinogcnr (@Do x365) 
Cowmtation of chemicals io grounduetcr 

Table H.V.l-46 
Summary of Rkt  Quanlitatioa (chemic&) 

Reference ReecFor: On-Property Farm Resident (Aduk) 
Via Ikinking W a t u  Ingcstion 

- 
B W X A T  

Compoud Cooccntation Units 

antimony 
a rodor- US4 
a r d o r -  U60 
ancnic 
beryllium 
benm(a)pyrcnc 
cadmium 
1,2-didoroctlanc 
magncrhm 
mangncrc 
mcrculy 
SilWX 
2.3.7.8-ccdd 
trichlmocthcnc 
urn nium- total 

2 udly 
350 d a m a r  
70 Ycar 
70 Year 
70 kg 

25550 dap 
25550 Lp 

- .  . .  

4 .  

, :., 



Table H.V.1-46 (matiaued) 
Summary of Risk Qoanftrtiom (chemials) 

Referenca Receptor: On-Prowrtv PIm Residemt (Adult) 

Compund 
antinnnv 

TLCR Calculation 
CDI CSF TLCR 

(rndk-day) (mdkg-day)-' (udtless 
NA NA NA 

aroclori12S4 
aroclor-1260 
arsenic 
jerJUium 
,enm(a)pyrene 
idmiurn 
1,2-dcHometbane 
n a g d  um 
nanganue 
nercury 
aver 
!,3,7,8 -tcdd 
.ricUometkne 
iranium-total 

Commund 

I 
I HQ Summation = 4.34E-01 

HQ Calculation 
CDI RfD HQ 

(mn/kg-day) [mdk-day) (uritless] 

NA 
NA 
3.00E-04 
5.OOE-03 

1 .WE -03 
NA 

NA 
9.70E+00 
S.00E-03 
3.00E-04 
5.00E-03 

6.00E-03 
3.00E-03 

NA 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 

'NA 
NA 

NA 
NA 
NA 
NA 

1.728-08 

1.83E-04 
1.76E - 03 
7.288-12 

NA 
NA 
NA 

NA 
NA 

NA 
NA 
NA 
NA 

5.74E-05 

1.89E-OS 
3.52E-01 
2.43E-08 

NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

8.248-02 

aroclor - 1254 
amclor-1260 
arsenic 
berJUiurn 
bem(a)pyrene 
cadmium 
1.2-dctlometbane 
magnesium 
manganese 
mercury 
silver 

IncUometkne 
2.3.7.8-t~dd 

I uranium-tots 7E-04 

~ ~~ 

7.70E+00 
7.70E+00 
1.75E+00 
4.30E+00 
7.ME+00 

NA 

NA 
NA 
NA 
NA 

9.10E - 02 

1.50E+OS 
1.1OE-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.01E-0( 

I 

ITLCR Summatiou = 3.01E-08 



Risk Quation 

IR 
EF 
EDn 
Fl 
cw 

Table KV.1-47 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: On-Property Farm Resident (Adult) 
Via Ingestion of Drinking Water 

CwX EFX EDn X FI X IR - - 

Ingestion rate of groundwater (RAGS, 1989) 
Expasure frcquency 
Exposure duration 
Fractional intake br radionuclides 
Concentration of radionuclides in groundwater 

S.9E-01 p a  

6.8E-01 pCin 
P a  

P a  
P a  

P a  
P a  

3.9E+01 pCin 

2.3E-01 pcul 
3.3E+a) p a  

2 uday 
350 dayslyear 
70 Year 

1 (Unitless) 
(see table below) 

CDI CSF TLCR 

2.9E+04 

3.3E+04 
1.9E+06 

NA 

NA 
NA 

l.lE+04 
1.6E+OS 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.8E- 10 
1.4E- 12 
3.6E- 11 
1.3E- 12 
1.3E-11 
1.E-10 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.3E-OS 

1.2E-06 
2.SE-06 

NA 

NA 
NA 

1.8E-07 
3.2E-06 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.OE-OS - [ TLCR Summation - 



DA 
EP 
ED0 
E D C  
Bw 
ATc 
ATn 
SA 

- - 
’% 

Dermal a h s a k d  dorc 
Exposurc f r c q u c n ~  
Exposure dun tion for non-carcinogos 
Exposure dum tion for ca rcinogcns 
Body wcight 
Avcragc time for carcinogens (liktimc) 
Avcragc time for om-carcinogens (EDnx365) 
Skinrurbscsro awilable forcontact 

Table II.V.l-48 
Summary of Risk Quaditrtion (rbcmicak) 

Rcfesence Rccepor: On-Roperty Farm Resident (Adul) 
Via Dumal Contad while Bathing 

DAXEFXEDXSA 
BWXAT 

QV mg/cm2-&y 
350 d a w e a r  
70 Year 
70 Year 
70 kg 

25550 days 
25550 days 
23000 cm2 

DA Units 

antimony 
a r d o r -  US4 
a r d o r - l 2 6 0  
arsenic 
kryil ium 
hcnm(a)pyme 
cadmium 
1.2-dirhloroctha 
magnesium 
man@ncrc 
mcrculy 
rilwr 

trichlaocthcnc 
uranium-ta l  

2.3.7.8 -tfdd 

IIC 

NA mdcm2-hy 
NA mg/cm2-&y 
NA mg/cm’-&y 

NA mg/cm’-Qy 
NA mg/cm’-&y 
NA mg/cm’-&y 
NA mdcm2-Qy 
1.67E-08 mg/cm2-&y 
1.61E-07 mglcm2-&y 
6.64B-16 mg/cm2-&y 

NA mg/cm’-day 
NA mg/cm2-&y 
NA mg/cm2-&y 
2.26B-08 mglcm2-&y 

NA mg/cm2-&y 

1.578-12 mg/cm2-&y 

Compound DA Units 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 



Table H.V.1-48 (amtinoed) 

Compound 

I HQ Calculation 
I CDI I RfD I HQ 

TLCR Calculation 
CDI CSF TLCR 

[mdlrpl-day) [mdk-day)-' furitless' )ompound 
intimny 6.WE-OS NA 

I [mdk-day) I [mdkg-day) I [uridess 

1mc1or112~4 
imclor-1260 
LrseniC 
Beqllium 
ienaD(a)pyreac 
rdmium 
L,Z-dcHomethane 
nagnesium 
nanganese 
nercury 
,aver 

ricblometkne 
Iranium-total 

!,3,7.8- tfdd 

NA 
NA 
2.85E-04 
5.WE-03 

S.WE-05 

USE-01 
4.208-03 
4.50E-05 

NA 

NA 

NA 
NA 
5.88E-03 
1.5OE-04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 
NA 
NA 

1.74E-0 

1.09E-0 
1.20E -0 
4.6SE-0 

NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.74E-0 

I 

I HQ Summation = 5.948-0 

Iantimny . INA 
a mc~or I1254 
amclor-1260 
arsenic 
heqllium 
benaD(a)pyrene 
cadmium 
1.2-dcHoroetkme 
magnesium 
manganese 
mercury 
silver 
2,3.7.8-lcdd 
tricblometkne 
uranium - to tal 

NA 
1.03E+01 
1.03E+01 
1.84E+W 
4.30E+W 

NA 
NA 

NA 
NA 
NA 
NA 

1.01 E - 01 

3.WE+OS 
1.12E-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

9.11E-1( 

I T E R  Summation = 9.11E-1C 



IR 
Fl 
EF 
EDn 
EDC 
BW 
ATc 
ATn 
cs 

Table EI.V.l-49 
Summary of Rbk Quautitation (chemic&) 

Refacnce Receptor: On-Property Farm Resident (Aduk) 
Via Ingatioa of M c a  Products 

Ingestion rate of meat 
Fnetion ingested from conti mim led sounx 
Exporure frequency 
Exposure duration for non-carcinogns 
Exposure duration for srcincgcns 
Body weight 
A v e n p  time for srcimgcns (liktiqc) 
A v e n g  time for nm-carcinogens (EDn x365) 
Conccntm tion of chemicals in meat 

- 
BWXAT 

Compoud Comntmtion Uniu 

antimony 
a r d o r  - K 54 
ardor-1260 
arsenic 
bcryilium 
bcnm(a)pyrenc 
sdmium 
1.2 - dirhloroch 
magnesium 
manganese 
mercury 
silur 

trichloocthcnc 
uranium-taal 

2 . 3 , i . a - t ~ ~  

I ne 

4.2E-05 
lJE-07  

2.9E-05 
6.6E-01 
6 . 8 8 4 1  
9.2B-06 

1.2E+00 
4.2E-03 
2.4E-03 
1.1E-04 

3.8E- 10 
2 . 2 8 4 6  

0.1 kg/&y 
0.75 (Unitleo) 
350 days/year 
70 Year 
70 Year 
70 kg 

25550 dap 
25550 dap 

Compoud CoDccnha tion Units 



. _ .  
I 

Compound 
aotinmny 

Table H.V.1-49 (comtimusd) 

HQCalculation 
CDI RID HQ 

(mplkg-day) Implkg-day) (ulitless) 
4.38-08 4.OE-04 l.lE-04 

Summary of Risk Qoamtibtion (chemicals) 
Rebremcs Receptor: Ou-Property Pam Resident (Adult) 

Via Ingestion of Meat Products 

kmpound 
d m n y  

TLCR Calculation 
CDI CSF TLCR 

(mplkg-day) [mplkg-day)-L [uutless) 
4.3E-08 NA NA 

amc~or -1254 
amclor-1260 
arsenic 
oeqlliurn 
benao(a)pyrene 
idmiurn 
1.2-dcHomethaoe 
mag& urn 
manganese 
mercury 
silver 
2,3.7,8-lcdd 
tricblometkne 
uranium - total 

7.7E-10 
A 
3.OE-08 
6.8E-10 
7.OE-10 
9.48-09 
A 
1.2E-03 
4.38-06 
2.48-06 
1.2E-07 
A 
3.98-13 
2.38-09 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

NA 
NA 

3.OE-04 
5.OE-03 

1 .OE -03 

9.7E+00 
1.4E-01 
3.OE-04 
5.OE-03 

6.OE-03 
3.OE-03 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

9.8E-OS 
1.4E-07 

9.4E-06 

1.3E-01 
3.1E-OS 
8.1E-03 
2.3E-OS 

6SE-11 
7.78-07 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 

I H Q  Summation = 8.58-03 

I mclor 1254 
imclor-1260 
1rsenic 
ieqllium 
ienm(a)mene 
rdmium 
1.2-dchlomethaoe 
nagnesium 
nangnese 
negury 
dver 
!.3.7.8-tcdd 
ricblometkne 
iranium-total 

7E-10 

OE-08 
8E-10 
OE-10 
4E-09 

2E-03 
3E-06 
4E-06 
2E-07 

9E-13 
3E-09 

7.7E+00 
7.7E+00 
1.8E+00 
4.3E+00 
7.3E+00 

9.1E-02 
NA 

NA 
NA 
NA 
NA 

1.5E+O5 
1.1E-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.9E-09 

5.28-08 
2.9E-09 
5.1E-09 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.3E-15 

I 

[TIER   om mat ion = 6.68-08 



List Equation 

IR 
FI 
EF 
EDn 
Cf 

TabIe H.V.1-50 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: On-Property Farm Resident (Adult) 
Via Ingestion of Meat Products 

CfX EFX EDn X FI X IR - - 

Ingestion rate of meat 
Fraction ingested fmmcontaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in meat 

R"L26+Rd 5.1E-04 
b222 NA 
%3+ld 1.4E-02 
T% 1.OE+00 

7.OE-06 
3.6E-06 

UZjSE4 1.5E-05 
u,+, 7.5E-04 

%w 
Th2je+lOCi 

0.1 kg/day 
0.75 (Unitless) 
350 daysbear 
70 Year 

%26+Bd 9.3E-01 
h222 NA 
%+ld 2.6E+01 

1.9E+O3 
1.3E-02 
6.6E-(30 %+1M 

~235, 2.8E-02 
ups+, 1.4E+00 

T% 
n9.x 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.8E- 10 
1.4E- 12 
3.6E- 11 
1.3E- 12 
1.3E- 11 
1 . E -  10 
1.6E- 11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.3E- 10 

9.2E- 10 
2.5E-09 
1.7E- 13 
1.1E- 12 
4.5E-13 
2.7E- 11 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1 
4.1E-09 - [TLCR Summation - 

6 3 4 9  



IR 
FI 
EF  
EDn 
EDc 
Bw 
ATc 
ATn 
cs 

Table H.V.1-51 
Summary of Risk Quantitation (&emic&) 

Rcfacnce Rccepor: On-Ropcrty Farm Rcsidrnt (Adult) 
Via Ingestion of Dairy Roduds 

Ingestion Iateofdairyproducts 

Exposure frequency 
Fraction ingested from conemimted SOUICC 

Exposure duetion for non-carcinopr 
Exposure due tion for ca rciocgcnr 
Body weight 
A v e n g  time forcarcinogens (littime) 
Avclap time for om-carcinogens (ED0 x365) 
Conccntmtion of chemicals inanimal products 

Compound Coxenbation Units 

antimony 
a r d o r -  US4 
arodor-U6O 
arsenic 
beryllium 
bcnm(a)pyrcne 
cadmium 
1.2-did1lorocth ne 
magnesium 
manpnerc 
mercury 
r i l u r  
2,3,7.0 -tcdd 
trichloocthcne 
uranium- total 

4.2E-03 
2.4E-04 

0.6E-04 
6.0E-07 
2.2E-04 
1.7E-02 

9.68+02 
3.7@+00 
4.3E-03 
7.SE-0 1 

1.2E-07 
6 . 0 8 4 3  

0.4 V h y  
0.75 (Uniclen) 
3% damear 
70 Year 
70 Year 
70 kg 

255% days 
255% days 

. .. , 

-1 



Table H.V.l-51 (comtiaued) 
Sumnary of Risk Qarntitrtiom (chemicals) 

Bebrence Receptoc On-Property Farm Resideat (Adult) 
via Imgestioa of Dairy Products 

k m p u n d  
inhauny 
imclor-1254 
imdor- 1260 
inenic 
Deqlliurn 
)enm(a)Wene 
rdmium 
I,2-dcHoloetbane 
nagoesium 
nanganese 
nepcury 
Bvcr 
!.3.7,8-tdd 
ricbloroetkne 
Jranium-total 

HQ Calculation 
CDI I RfD I HQ 

1.7E-OS 4.OE-04 4.3E-0 
9.7E-07 

3.58-06 
2.48-09 
8.8E - 07 
6.9E-OS 

3.9E+00 
1.5E-02 
1.8E-OS 
3.1E-03 

4.9E-10 
2.8E-OS 

QA 

QA 

QA 

QA 
gA 
QA 
QA 
QA 
QA 
QA 
QA 
QA 
QA 
QA 
QA 
QA 
QA 
QA 
QA 

NA 
NA 

3.OE-04 
S.0E -03 

LOE-03 

9.7E+00 
1.4E-01 
3.OE-04 
5.OE-03 

6.OE-03 
3.OE-03 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

1.2E-02 
4.98-01 

' 6.9E-02 

, 

NA 

NA 
4.1E-01 
l.lE-01 
S.9E-02 
6.2E-01 

NA 
8.2E-08 
9.3E-03 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

HQ Summation = 1.3E+00 

TLCR Calculation 
CDI CSF TLCR 

S m p u n d  (mdkg-day) [mp/kg-dayl-l (uritless 
rnhaunv 1.7E-05 NA NA 
imclor-1254 
rmclor-1260 
lnadc 
Jeqllium 
?em(a)Wene 
idmiurn 
1.2-dctloloetbane 
magnesium 
manganese 
mercury 
iilver 

lrichlometkne 
uranium-total 

1.3.7.8-tdd 

7.7E+00 
7.7E+00 
1.8E+W 
4.3E+00 
7.3E+00 

9.1E-02 
NA 

NA 
NA 
NA 
NA 

1.5E+05 
l.lE-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.5E-01 

6.2E-01 
1.1E-01 
6.5E-01 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.4E-1: 

I 

]TIER Summation = 2.OE-0! 



I .  . ' I  

tisk Equation 

IR 
FI 
EF 
EDn 
CP 

Table H.V.1-52 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: On-Property Farm Resident (Adult) 
Via Ingestion of Dairy Products 

Cp X EFX EDn X FIX IR - - 

Ingestion rate of dairy products 
Fraction ingested fmmcontaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in animal products 

9.2E-01 
NA 

7.OE+01 
1.2E+03 
5.8E-03 
3.OE-03 
4.7E-M 
2.3E+00 

0.4 Vday 
0.75 (Unities) 
350 daystyea 
70 Year 

.CDI CSF TLCR 
Radionuclides (pci)  [pCi)-l (unitless) 

R%26+Sd 6.7E+03 7.8E- 10 5.3E-06 

SrSO+ld 5.1E+05 3.6E-11 1.8E-05 
8.9E+06 1.3E- 12 1.2E-05 
4.3E+01 1.3E-11 5.5E- 10 
2.2E+01 1.7E- 10 3.8E-09 

upsm 3.5E+02 1.6E-11 5.6E-09 
uzx3+2d 1.7E+04 2.OE- 11 3.3E-07 

h2n NA 1.4E-12 NA 

T%9 
.rh, 
%+la 

NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 

I TLCR Summation = 3.6E-05 



IR 
FI 
EF 
ED0 
EDC 
BW 
ATc 
ATn 
cs 

Table I1.V.1-53 
Summary of Rbk Quantitltioa (rbcmicak) 

Refamcc Receptor: On-Propexty Farm Residmt (Aduk) 
Via Ingestion of Vegciables and Fruils 

Ingestion P te of fruits or vcgcta blcr 
Fection ingested barn contaminated SOUICC 

Exposure frcqucncy 
Exporurc duration for non-carcinogns 
Exposurc dun tion for a rcinogcnr 
Body weight 
A v e n g  time forercimgenr (liktimc) 
A v e r d ~  time for om-carcinogens (ED0 x365) 
Coaccnba tion of chemicals in vegetables 

- 
BWXAT 

Compoud Conrnhation Units 

antimony 7.9E-01 m%Lg 
srodor-lZ54 3.1E-04 m%Lg 
arodor-U60 m%Le 
arsenic 2.3E-01 m%Lg 
beryllium 6.bE-03 m%Ls 
benm(a)pymic 2.3E-04 m%Lg 
cadmium 3.3E-01 m%Lg 
1.2-didor0~ttenc m%Le 
magncshm 4.8@+03 m%Lg 
manganese 2.0@+02 m%Ls 
mcrcury 1.9E-01 w% 
d K r  7.4E-01 mpn;g 
2.3.7.8 -tcdd m g k s  
trichlcrocthcne 1.2E-03 m%Lg 
u e n i u m - t a l  1.4E-01 m%Lg 

m%Lg 

0.122 kglday 
0.5 (Unitless) 

70 Year 
70 Year 
70 kg 

25550 days 
25550 days 

350 da*r 



Table H.V.1-53 (conf ind)  

bmpound 
lntinunv 

Summiry of Risk Qnantibtios (chemials) 
Xebrenea Reoeptor: On-Property Fam Resident (Adnlt) 

Via Ingestion of Vegotabbs and Pmits 

HQCalculation 
CDI RfD HQ 

(mdkg-day) [mgkg-day) [umdess) 
6.6E-04 4.OE-04 1.7E+00 

lmclor - 1254 
IUOC~OI- 1260 
IrSeniC 
ieqllium 
ienm(a)meoe 
rdmium 
.2-dcHow ethane 
aagmaum 
naagnese 
nerury 
aver 
!,3,7,8-lcdd 
richlometkne 
iranium -total 

2.6E-07 
A 
1.9E-04 
5.5E-06 
1.9E-07 
2.7E-04 
A 
4.OE+00 
1.7E-01 
1.6E-04 
6.28-04 
A 
1.OE-06 
1.2E-04 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

NA 
NA 

3.OE-04 
5.OE-03 

1 .OE - 03 

9.7E+00 
1.4E-01 
3.OE-04 
S.OE-03 

6.OE-03 
3.OE - 03 

NA 

NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA . 

NA 
NA 

6.4E-01 
l.lE-03 

2.7E-01 

4.1E-01 
1.2E+00 
5.2E-01 
1.2E-01 

1.7E-04 
4.OE-02 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA . 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 
I HQ Somnutioa = 4.9E+Oa 

I TLCR Calculation 
I CDI 

mclor-1254 
iroclor- 1260 
1nenic 
,eqUium 
,em(a)pyreac 
:admiurn 
1.2-dcHomethane 
magoesium 
manganese 
mercury 
iilver 
1.3.7.8 - tedd 
trichloroetkne 
uranium-total 

7.7E+00 
7.7E+00 
1.8E+00 
4.3E+00 
7.3E+00 

9.1E-02 
NA 

NA 
NA 
NA 
NA 

l.SE+OS 
l.lE-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.OE-06 

3.4E-04 
2.4E-OS 
1.4E-06 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.1E-08 

I ITER ~ommat ioo  = 3.68-04 



tisk Equation 

IR 
FI 
EF 
EDn 
cv 

Table H.V.1-54 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: On- Property Farm Resident (Adult) 
Via Ingestion of Vegetables and Fruits 

CvX EF X EDn X Fl X IR - - 

Ingestion rate of fruits or vegetables 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in vegetables 

Rat26+8d 2.7E+Ol 
%2 NA 
S'SO+ld 9.3E+02 

2.6E+03 
1.8E+00 

Tc, 

9.4E-01 
-43 
Wn + im umm 1.7E+00 
"?Js+2d 4.9E+01 

0.122 ks/day 
0.5 (Unitless) 
350 dayslyear 
70 Year 

CDI CSF TLCR 
Radionuclides (pC1) (pCi)-l (unitless) 

1 
4.OE+04 

NA 
1.4E+06 
3.9E+06 
2.7E+U3 
1.4E+03 
2.6E+03 
7.3E+04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.8E- 10 
1.4E- 12 
3.6E- 11 
1.3E- 12 
1.3E- 11 
1.7E-.lO 
1.6E- 11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
N A  
NA 
NA 
NA 

3.1E-05 

5.OE-05 
5.1E-06 
3.58-08 
2.48-07 
4.1E-08 
1.5E-06 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

L I TUlR Summation - - ME-05 j 

6 3 4 9  

4 



Table H-V.1-55 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: On-Property Farm Resident (Adult) 
Via External Radiation 

Dose Equivalency Equat = [DRXEFXEDnX E T i X ( l - q ) ]  + [DRXEFXEDnX EToX(l-SH,)] 

EF 
ED Exposure duration 

Fm'tion of year spent exposured 

Fraction of day spent indoors 
Fraction of day spent ouldmrs 
Shield factor indoors 
Shield factor outd'mrs 

mi 
ET0 
SH; 
SHO 
DR Radionuclide specific dose concentrations 

1.60E+00 pWg 

3.69E-01 p W g  
2.50E-01 p W g  

NA Pcvg 

2.14E+00 p W g  
l.llE+00 pWg 
7.06E-02 pWg 
3.85E+00 pWg 
NA P u g  
NA P W g  

0.96 (uni tless) 

0.76 (unitless) 
0.24 (unitless) 
0.5 (unitless) 

(unitless) 
(see table below) 

70 Year 

NA P a 3  
NA PWg 
NA P W  
NA P a 3  
NA P a 3  
NA P a 3  
NA P a 3  
NA P a 3  
NA P W g  
NA P W g  

CDI CSF TLCR 
.adionuclides (year pCilg) (g/pCi -year)-' (u ni t less) 

6.7E+01 

1.5E+01 
l.OE+Ol 
8.9E+01 
4.6E+01 
2.9E+00 
1.6E+02 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.OE-06 
1.2E-09 

6.OE- 13 
5.4E- 11 
85E-06 
2.4E-07 
5.1E-OB 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.OE-04 
NA 

6.2E- 12 
4.8E-09 
3.9E-04 
7.1E-07 
8.28-06 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

8.OE-04 - I TLCR Snmmation - 



Table H.V.1-56 
Summary of RHk Quaditation (chemic&) 

Refaence Receplor: On-Property Farm Rcsident (Child) 
Via Inhalation of Puticulatar 

IR 
EP 
@ D O  

EDC 
BW 
ATc 
ATn 
cs 

I n h b  tion rate d pres (RAGS, 1989) 

Exposure dumtion for non-carcinoslu 
Exposure dum tion for Q rcinogcns 
Bcdy weight 

Average time for om-srcinogcns (ED0 r365) 
Conccntetion of chemicals in roil 

exponrrc frequeng 

Average t h e  forerchgenr (lifetime) 

- 
BWXAT 

Compoud Conccntetion Units 

antimony 
a rodor- US4 
arodor-U60 
arsenic 
beryllium 
benm(a)pytcne 
cadmium 
1,2-didoroctb ne 
magnesium 
maogncsc 
mercury 
Si lWX 
2.3,1,8 - tcdd 
trichlaocthcnc 
uranium-coca1 

2.88-09 
S.3E-11 

3.9B-09 
4.6E-10 
1.3E-11 
3.9E- 10 

S.7E-06 
5.2B-07 
1.7E-10 
1.3E-09 

7.18-13 
1.2E-08 

u m31day 
350 dayr/yCa: 

6 Year 
6 Year 

15 kg 
25550 dap 

(see table below) 
2190 dap 



Table H.V.1-56 ( C 0 m h . d )  

s m a ~ m a ~ y  of Risk @an(ihtbn (demials)  
Rebrence Receptor: On-Propertg F.m Residemt (Child) 

Via Inhalation of Partialatas 

HQCalculation 
CDI RID HQ 

bmpound [mn/kg-day) (mdkg-day) (uritless) 
Intimnv 2.1E-09 NA NA 
lroc1orLt254 
trodor - 1260 
,rsenic 
1er)lIium 
ienm(a)mene 
admium 
..2-dcHorocthane 
naglvsium 
nanganere 
nexury 
aver 
!.3,7.8-kdd 
ricbloroetkne 
iranium-total 

4.OE-11 
A 
3.OE-09 
3.5E-10 
9.88-12 
3.OE-10 
A 
4.48-06 
4.OE-07 
1.3E-10 
1.OE-09 
A 
5.98-13 
8.98-09 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

NA 
NA 
NA 

NA 
NA 

NA 

NA . 

2.98-03 

1.4E-05 
8.6E-05 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.8E-02 
1.5E-06 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 

I Hazard Quotient Sum = 2.88-02 

Zoompound 
intimny 
irodor- 1254 
irodor- 1260 
inenic 
3er)lIium 
3enm(a)mene 
admium 
L,2-dcHoroethane 
magacsium 
manganese 
mercury 
dver 
1.3.7.8-kdd 
triclioroetkne 
rranium-total 

TU)R Calculation 
CDI I CSF I TLCR 

Jmn/kg-day)l [mdkg-day)-' I (unitless 
1.8E-10 NA NA 
3.5E-12 

2.5E-10 
3.OE-11 
8.4E-13 
2.6E-11 

3.88-07 
3.48-08 
1.lE-11 
8.7E-11 

5.1E-14 
7.6E-10 

JA 

JA 

JA 

JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 

NA 
NA 

1.5E+O1 
8.4E+00 
6.1E+00 
6.3E+00 
9.1E-02 

NA 
NA 
NA 
NA 

1.5E+O5 
6.OE-03 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

3.8E-(r 
2.5E-11 
5.1E-1: 
1.6E-lr 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.OE-14 

X'LCR Summation = 4.2E-O! 



63-4 9 

Risk Equation 

IR = 
EDn 
ca 

Table EV.1-57 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: On-Property Farm Resident (Child) 
Via Inhalation of Gases and Particulates 

CaX EFX EDn X IR - - 

Inhalation rate of gases (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in air 

R%26+Rd 1.6E-06 

SrSO+ld 2.48-07 
Tc99 1.6E-07 

1.8E-06 
7.OE-07 

~psm 5.3E-OB ”,+, 3.9E-06 

h2n 2.2E+01 

-%?u 
%3Z+lOCi 

12 d d a y  
350 daysbear 

6 Year 
(see table below 

4.OE-02 

6.OE-03 
4.OE-03 
4.5E-02 
1.8E-02 
1.3E-a3 
9.88-02 

5.5E+05 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.OE-09 
7.3E- 13 
6.2E- 11 
8.3E- 12 
2.9E-OB 
1.1E-07 
2.5E-08 
2.48-08 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 10 
4.OE-07 
3.7E- 13 
3.3E- 14 
1.3E-09 
1.9E-09 
3.3E- 11 
2.3E-09 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 
4.1 E- 07 - [TLCR Summation - 

’ ., . , . 1. 

:tr , .: ... 8 .I i ; ,. i . .  . , ./. ’ L,. . . 



IRs 
CP 
EP 
EDn 
E D C  
Bw 
ATc 
ATn 
cs 

Table II.V.l-58 
Summary of  Risk Quantitdion (chemic&) 

R e f a m c c  Receptor: On-Property Farm Raridmt (Child) 
Via Incidental Ingestion of Soil 

B W X A T  

Ingestion rate of soil (RAGS, 1989) 
Conversion factor 
Exporure frequency 
E!xposure due  tion for non-carcinogns 
Exporure due tion for a rcinogcnr 
Body weight 
Average lime for archgcnr (lirClimc) 
Avcrag time for n m - a r c h g e n s  (EDn x365) 
Conantm tion of chemicals in roil 

Compoud Comntetion Units 

antimony 
a r d o r -  US4 
a r d o r -  U60 
ancnic 
beryllium 
benm(a)pyllcne 
admium 
1.2 - didoroc  th 
magnesium 
manpncse 
mercury 
silmr 

trichlaocthene 
uranium-tdal 

2.3.1.8-lcdd 

I ne 

4.OEMO 
2.se-02 

5.8@+00 
6.6E-01 
2.OE-02 
6.OE-01 

4.8@+03 
8.1@+02 
2.1E-01 
1.8E+00 

7.6E-04 
l.ZE+O I 

200 mdday 

350 daydycai 
6 Year 
6 Year 

IS kg 
25550 days 

2190 days 

1.OE-06 kdmg 

(see table below) 



Table H . V . l - 5 8  (continued) 

hnpound 
mtimony 
UOC~IX - 1254 

Sommaxy of Risk Qua&tatiom (ch&icah) 

HQ Calculaim 
CDI RfD HQ 

(mgkg-day) (mgkg-day) ( u n i l s )  
5.1E-05 4.OE-04 1.3E-01 
3.1E-07 NA NA 

UCC~CC - 1260 
lcsenic 
xryllium 
)emo(a)pyrene 
admium 
12-dichlclod hane 
nagnaium 
nanganese 
nmcury 
ibm 

richluoethene 
iranium-total 

L3.7.8-tcdd 

.4E-05 3.m-04 2 .E-01  
32-06 5.OE-03 1.E-03 
.6E-07 NA 
.6E-06 1.E-03 7.6E-03 

1E-02 9.7E+Oo 6.3E-03 
OE-02 1.4E-01 7.4E-02 
7E-06 3.OE-04 8.98-03 

5E-04 3.OE-03 4.9E-02 

Jam Rcrident (Child) 
n of Soil 

I ILCR Calculaion 
I CDI I CSF I 'IICR 

hnpound I (mgkR-day)l(mgkll-day)-' I (unirlgs) 
mtimony I 4.4E-06 NA NA 
lroclcl - I254 
UOCIIX - 1260 
m i c  
xryllium 
>emo(a)pyrene 
idmium 
1.2-dichluoe! hane 
nagnesium 
nanganse 
nacury 
iba 

richluoethene 
iranium-total 

!.3.7,8-tcdd 

.7E-o8 

.3E-06 

.3E-07 

.2E-08 

.E-07 

2E-03 
9E-04 
3E-07 
OE-06 

3E- 10 
3E-05 

7.7E+Oo 
7.7E+Oo 
l.SE+OO 
4.3E+00 
7.3E+00 

NA 

NA 
NA 
NA 
NA 

9.1E-02 

1.5E+M 
1.1E-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.1E -07 

1.1E-OS 
3.1E-06 
1.6E-07 

NA 

NA 
NA 
NA 
NA 

9.1E-12 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 
I TLCR Summaiaa = 1.E-05 



Summary of Risk Quantitation (radionuclides) 
Reference Receptor: On-Property Farm Resident (Child) 

Via Incidental Ingestion of Soil 

CS X EFXEDn X FI XIR - tisk Equation - 

IRS 
EF -sure frequency 
EDn Eqosure Duration 
FI Fractional Intake 
cs 

Ingestion rate of soil (RAGS, 1989) 

Concentration of radionuclides in soil 

1.6OE-03 pCi/mg 
pCihng 

3.69E-04 pCi/mg 
25OE-04 p C i g  
214E-03 pcihng 
l.llE-03 p C i g  
7.06E-05 p C h g  
3.85E-03 pCi/mg 

pCihng 
pcimg 

200 muday 
350 daysbear 

6 Year 
1 (unitless) 

CDI CSF TLCR 
Ladionuclides (pCi) (pCi)-' (unitless) 

6.72E+O2 

155E+O2 
1.OSE+O2 
8.99E+O2 
4.66E+02 
297E+01 
1.62E+03 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.80E- 10 
1.4OE- 12 
3.6OE - 11 
1 3 E -  12 
13OE-11 
1.7OE-10 
1.6OE-11 
200E- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.24E- 07 

558E-09 
1.37E- 10 
1.17E-08 
7.93E-08 
4.74E- 10 
3.27E-08 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.54E-07 - I TLCR Summation - 



SA 
AP 
ABS 
CP 
EP 
m a  

BW 
ATc 
ATn 
CS 

Table H.V.l-60 
Summary of Risk Quaotitaiaa (chemic&) 

Rcfcrcnce Reccplor: On-Property Farm Raidrnt (Child) 
Via Dermal Contad wpPh Soil 

il X C P  
BWXAT 

Surbccarea of exposed skin (50th pcrccntilc, ban& only) 
Soil torkinadherena bctor (RAGS 1989) 
chcmicalr spccificabsorhion factor (see table below) 
Conversion factor 
Exporurc frquency 
@xposure duntion for non-carcinopns 
Exposure dun tion for ~rcinogcnr 
Body weight 
Avcnp time for ~ r c b g e n s  (lifetime) 
Avcnp time for nm-arcbgcnr  (EDn x365) 
Conccntn tion of chemicals in roil 

Compoud ABS Conccntnti Units 

antimony 
a rodor- US4 
a r d o r -  K60 
arsenic 
beryllium 
benia(a)pyrcnc 
admium 
1.2-didorathanc 
magnesium 
mansncre 
mercury 
rilwr 
2.3.7.8-tcdd 
trichlaocthene 
unnium- tdal 

1.00E-02 
6.00E-02 
6.00E-02 
1.00E-03 
1.00E-02 
3.00E-01 
1.00E-02 
3.00E-01 
1.00E-02 
1.00E-02 
5.WE-02 
1.00E-02 
3.00E-02 
3.00E-01 
1.00E-02 

NA 

3.97@+w 
2.46e-02 

5.7SE+OO 
6.62B-01 
2 .we -02 
S.%E-Ol 

4.75E + 03 
8.12E+02 
2.09E-01 
1.84E+W 

7.55B-04 
1.16@+01 

l 2000 cm%a 
1 mglcm 

1E-06 kglmg 
QV 

350 dayw'ycai 
6 Year 
6 Yar 

IS kg 
25550 dap 
2190 dap 



Compound 
antimny 
amclor-1254 
amclor-1260 
arsenic 
beqllium 
bem(a)pyrene 
cadmium 
1,Z-bcUomelhane 
magnesium 
manganese 
merury 
silver 

trichloroetkne 
2.3.7,g-ledd 

HQCalculation 
CDI RID HQ 

(mdkg-day) (mdkg-day) (untlessl 
5.08E-06 6.00E-05 8.46E-02 

TLCR Calculation 
CDI CSF TLCR 

Compound (mdkg-day) Irndkg-day)-' (uaidess 
antimny NA 4.35E-07 NA ' 

1.89E-07 
4A 
7.358-07 
8.46E-07 
7.67E-07 
7.62E-07 
{A 
6.07E-03 
1.04E-03 
1.34E-06 
2.358-06 
4A 
2.908-08 
1.48E-05 
4A 
4A 
4A 
4A 
4A 
4A 
4A 
4A 
4A 
4A 
4A 
4A 
4A 
4A 
4A 
4A 

NA 
NA 
2.858-04 
S.OOE - 03 

S.OOE-05 

4.8SE-01 
4.20E-03 
4.5OE-OS 

NA 

NA 

NA 
NA 
5.88E-03 
1.50E-04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
2.588-03 
1.69E-04 

1.52E-02 

1.2SE-02 
2.47E-01 
2.97E-02 

NA 

NA 

NA 
NA 
4.92E-06 
9.89E-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

amc~or-1254 
amclor-1260 
arsenic 
beqllium 
bem(a)pyrene 
cadmium 
1,2-dcUomethane 
magneaum 
manganese 
merury 
silver 
2.3.7.8-tcdd 
trichlometkne 
uranium-total 

1.03E+01 
1.03E+01 
1.84E+00 
4.30E+00 

NA 
NA 

NA 
NA 
NA 
NA 

1.01E-01 

3.00E+05 
1.12E-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.66E - 0: 

1.16E-0: 
3.12E-0; 

NA 
NA 

NA 
NA 
NA 
NA 

2.79E-11 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I I 
HQ Sumnution = 4.91E-01 I W R  Summation = 5.94E-07 



IR 
EP 
EDn 
EDC 
Bw 
ATc 
ATn 
cs 

Ingestion PIC of groundwater (RAGS, 1989) 
Exposure frequency 
Exposure duration for uon-carcinog~nr 
Expure  dumtion for srcinqgens 
Body wight  
A v e t a i  time forsrcimgcnr (liktimc) 
A v c n b  time fornm-srcimgenr (EDn x36.5) 
Cooccnha tion of chemicals in groundwetcr 

Table lI.V.1-61 
Summary of Rhk Quantitation (ebemicak) 

Refaence  Recepor: On-Property Farm Resident (Child) 
Via Drinking Wata Ingestion 

Bcfcrcaccr 

Compoud Conccnha tion Units 

antimony 
a r d o r -  12.54 
a rcdor - I260 
arsenic 
beryllium 
benzo(a)pyrcne 
sdmium 
1,2-diddoroeltpnc 
magnesium 
manenere 
mercury 
SnKr 
2.3.7.8-tcdd 
trichlmocthcnc 
uranium-total 

1 vday 
350 damear 

6 Year 
6 Year 

1.5 kg 
25550 days 
2190 dam 

I .  

, 



T8bh H.V.1-61 (C0.h.d) 
Summary of Risk Quamtitrtiom (denials) 

Robrema, Receptor. On-Propert Farm Residant (Child) 

brnpund 

HQ Calculation 
CDI RfD HQ 

(rnn/kg-day) (rndkg-day) (uritless] 

Imclor-1254 
lmclor-1260 
lnenic 
iefliurn 
ienm(a)mene 
.admiurn 
..2-dcYometkane 
oagnes urn 
oanganesc 
nccury 
aver 
!.3.7.8 - tcdd 
richlometkne 
imiurn-total 

2E-08 

8E-04 
OE-03 
OE-11 

7E-04 

NA 
NA 
3.00E-04 
S.00E-03 

1 .WE -03 

9.70E+00 
S.00E-03 
3.00E-04 
S.00E-03 

6.00E-03 
3.00E-03 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 
NA 

1.34E-04 

4.41 E - 05 
8.21E-01 
5.66E-08 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.92E-01 

I 

[HQ Summation = l.OlE+OO 

Dninkkl) Water hpsf ion 
I TLCR Calculation 
1 CDI I CSP I TLCR 

1nIimny 
imclor-1254 
imclor-1260 
inenic 
>eqlliurn 
> e m ( s ) m e n e  
:admiurn 
I.2-dcYoroethane 
nagnes urn 
sanganese 
nccury 
aver 
1.3.7.8-t~dd 
irichlometkne 
nmnium-total 

NA 
7.70E+00 
7.70E+00 

E-09 1.75E+00 
4.30E+00 
7.30E+00 

9.10E-02 
NA 

E-OS NA 
E-04 NA 
E-12 NA 

NA 
l.ME+OS 
1.10E - 02 

4E-OS NA 
NA 
NA 
.NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA . 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.028-09 

I 

I T E R  Summation = 6.028-09 



6349  

Lisk Equation 

IR 
EF 
EDn 
Fl 
cw 

Table H.V.1-62 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: On-Property Farm Resident (Child) 
Via Ingestion of Drinking Water 

CwX EFX EDn X FI X IR - - 

Ingestion rate of groundwater (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Fractional intake for radionuclides 
Concentration of radionucldes in groundwater 

5.9E-01 pW 

6.8E-01 pein 
3.9E+01 pW 

P a  

P a  
P a  

P a  
P a  

2.3E-01 pCin 
3.3E+00 pcul 

1 Vday 
350 daysbear 

6 Year 
1 (Unitless) 

(see table below) 

CDI CSF TLCR 
adionuclides ( p a )  (pCi)-' (unitless) 

1.2E+03 

1.4E+03 
8.1E+04 

NA 

NA 
NA 

4.8E+02 
7.OE+03 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.8E- 10 
1.4E-12 
3.6E-11 
1.3E- 12 
1.3E-11 
1.7E- 10 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

9.78-07 

5.1E-08 
l.lE-07 

NA 

NA 
NA 

7.6E-09 
1.4E-07 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I TLCR Summation = 1.3E-06 



DA 
EP 
@ D O  
EDC 
BW 
ATc 
ATn 
SA 

Table lI.V.l-63 
Summary of Risk Quantitdim (ebemic.LP) 

Refamce  Rcecplor: On-Property Farm Residmt (Child) 
Via Dcrmd Cootad while Bathing 

Dermal absabcd dose 
exposure frequency 
@xposure duntion for non-carcinognr 
exposure dun tion for Q rcinogens 
Body wight 
Avcmg time forercinogcns (lilctimc) 
A v e m p  time for om-srcinogens (@Do x365) 
S k i n r u r h a a r c a  auiIabIc forcootact 

DAXEPXEDXSA 
BWXAT 

Compoud DA Units 

antimony 
a r d o r -  US4 
a r d o r  - U60 
arsenic 
beryllium 
bcnm(a)pycnc 
sdmium 
1.2-dichlorocd~ 
magncrium 
manpnere  
mercury 
IilHI 
2.3.7.8 - d d  
trichlcroethene 
YO nium - tdal 

I ne 

NA mgtcm2-Ly 
NA mgtcm2-Ly 
NA mgtcm2-Ly 
1.57E- 12 mg/cm2-Ly 

NA mgtcm2-Ly 
NA mgtcm2-Ly 
NA mgtcm2-Ly 
NA mgtcm2-Ly 
1.67E - 08 mglcm2-L y 
1.61E -07 mg/cm2- L y 
6.64B-16 mg/cm2-Ly 

NA mgtcm2-Ly 
NA mgtcm’-Ly 
NA mgtcm2-Ly 
2.26B-08 mglcm2-Ly 

NA mgtcm2-Ly 

a v  mgtcmz-hy 
350 Lydycar 

6 Year 
6 Year 

IS kg 
25550 day3 

2190 day3 
23000 cm2 

Compoud DA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 



i :: . 

Compund 
antimony 

~ .:. 
I TLCR Calculation 

CDI CSF TLCR 
[mdk-day) [mdkg-day)-' (witless 
NA NA NA 

Table KV.1-63 (aorntirnw3d\ 
sommaq 

Rehernee Recq 
via 1 _ _  - 

I HQCalculation 
I I CDI 

I antimony 6.00E-05 
amlor-1254 
aroclor- 1260 
arsenic 
beflium 
benm(a)pyrene 
cadmium 
1,2-&cHomethaoe 
magnesium 
manganese 
mercury 
silver 
2.3.1.8-lCdd 
tnchloroetkne 
uranium-total 

1E-09 

6E-05 
6E-04 
6E-13 

2E-05 

NA 
NA 
2.858-04 
5.OOE-03 

5.OOE-05 

4.85E-01 
4.208-03 
4.50E-05 

NA 

NA 

NA 
NA 
5.88E-03 
1.50E - 04 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 
NA . 

8.10E-06 

5.07E-OS 
5.62E-01 
2.17~-oa 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.21E-01 

I I H Q  Sumnution = 2.778-01 

a roclor 1254 
amclor-1260 
arsenic 
beqllium 
benm(a)pyrene 
cadmium 
1,Z-dcHoroethane 
magnesium 
manganese 
mercury 
silver 
2.3.1.8-tcdd 
tricblometkne 
uranium- total 

I I ITER Sommation = 3.65E- 10 

1.03E+01 
1.03E+01 
1.84E+00 
4.30E+00 
NA 
NA 

NA 
NA 
NA 
NA 

1.01E-01 

3.00E+05 
1.12E-02 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.65E-1( 



IR 
FI 
EP 
EDn 
EDc 
BW 
ATe 
ATn 
cs 

Table II.V.1-64 
Summary of R s k  Quantillion (&emicak) 

Befarnee Rcccplor: On-Ropcrly Farm Raridtnnt (Child) 
Via Iogcstioa of M c i  Products 

Ingestion ntc of meat 
Fraction ingested from contamimtcd soum 

Exposure duntion for non-carcinogns 
Exposure duration for srcioogens 
Body weight 
Averag time for arcimgcns (liktime) 
Avctag time for om-carcinogens (EDn x365) 
Coacntetion of chemicals in meat 

Exposure frequency 

- 
BWXAT 

Compourd Coacntm tion Units 

antimony 4.2E-05 m o a  
a r d o r -  u s 4  7.5E-07 m o a  
ardor-l260 m o a  
arsenic 2.9E-05 m o a  
beryllium 6.6E-07 m o a  
benm(a)pyrcne 6.8E-07 m o . 3  
sdmium 9.2E-06 m o . 3  
1.2-dichloroctbnc m o a .  
magnesium 1.2EM0 
manganese 4.2E-03 m o a  
mercury 2.4E-03 m o a  
SilWX 1.1E-04 m o g  
2A7.8 - tcdd m o a  
tricblaocthene 3.W-10 m o g  
un nium - total 2 . 2 8 4 6  mg/lrg 

m o a  

0.039 kgktay 
0.75 (Unideu) 
3% mydycar 

6 Year 
6 Year 

IS k.3 
255% daya 
2190 day 

Compoud Coacntmtion Unitl 



Table H.V.1-64 (continned) ~ 

Summary of Risk Quantitntion ( d e n i a l s )  
Reference Receptor: On-Property Ham Resident (Child) 

via h g e 6 6 O n  of Mmt Pd .c t6  

1 HQ Calculation 
I CDI I RfD I HQ 

3 m p u n d  1 (mdkg-day) I (mdkg-day) I (unitless 
rntimony I 7.8E-08 4.OE-04 1.9E-0: 
rrocior-1254 
imclor-1260 
rrsenic 
)eqllium 
) e m ( a ) m e n e  
rdmium 
1.2-dctlometbane 
nagned um 
nangnese 
nercury 
aver 
!.3,7.8-t~dd 
nchlometkoe 
iranium-total 

NA 
NA 

3.OE-04 
S.OE-03 

1 .OE - 03 

9.7E+00 
1.4E-01 
3.OE-04 
5.OE-03 

6.OE-03 
3.OE-03 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

1.8E -0: 
2.5E-0: 

1.7E-01 

2.3E-0: 
5.6E-O! 
1.5E-0; 
4.2E-01 

1.2E-1[ 
1.4E-Ot 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I H Q  Summation = 1.6E-0; 

%ompound 

aroclor- 1254 
aroclor - 1260 
arsenic 
JeqUium 
ienm(a)mene 
:admiurn 
1,2-dcPometbane 
magnesium 
manganese 
mercury 
iilver 

tnchlometkne 
uranium-total 

antimony 

1.3.7.8-kdd 

TLCR Calculation 
CDI I CSF I TLCR 

(mdkg-day)) (mdkg-day)-' I lumtless 
6.7E-09 NA NA 
1.2E-10 7.7E+00 

IA 7.7E+00 
4.68-09 1.8E+00 
l.lE-10 4.3E+00 
1.1E-10 7.3E+00 
1.5E-09 NA 

IA 9.1E -02 
1.9E-04 NA 
6.8E-07 NA 
3.8E-07 NA 
1.8E-08 NA 

IA 1.5E+ 05 
6.OE-14 1.1E-02 
3.6E-10 NA 
IA NA 
IA NA 
IA NA 
IA NA 
IA NA 
IA NA 
IA NA 
IA NA 
IA NA 
IA NA 
IA NA 
IA NA 
IA NA 
IA NA 
IA NA 
IA NA 

9.3E-ll 

8.1E-0 
4.6E-ll 
7.9E-11 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.7E-1( 

rLCR Snmmrtioo = 1.OE-Oi 



tisk Equation 

IR 
FI 
EF 
EDn 
Cf 

Table H.V.1-65 
Summaq of Risk Quantitation (radionuclides) 

Reference Receptor: On-Property Farm Resident (Child) 
Via Ingestion of Meat Pmdncts 

Cf X EFX EDn X Fl X IR - - 

Ingestion rate of meat 
Fraction ingested fmmcontaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in meat 

R??25+8d 

SrSO+ld 
b222 

*% 
% 
%?3+lOd 
"735, 
um+, 

5.1E-04 

1.4E-02 

7.OE-06 
3.6E-06 
1.5E-05 
7.5E-04 

NA 

l.OE+GO 

0.039 kg/day 
0.75 (Unitles) 
350 daywyCaI 

6 Year 

CDI CSP TLCR 
!adionuclides ( p a )  (pa)-' (unitless) 

3.1E-02 
NA 

8.5E-01 
6.3E+01 
4.3E-04 
2.2E-04 
9.48-04 
4.6E-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.8E- 10 
1.4E-12 
3.6E- 11 
1.3E- 12 
1.3E-11 
1.7E- 10 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.4E-11 

3.1E-11 
8.2E- 11 
5.6E-15 
3.8E- 14 
1.5E- 14 
9.2E- l3 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.4E- 10 - I TLCR Summation - 



Table H.V.1-66 
Summary of Risk Quantitdiw (chemic&) 

Befcrarce Recepor: On-Property F u m  Residmt (Child) 
Via Ingestion of Dairy Roducts 

B" - --  E - 
B w X A T  

IR 
FI 
EF 
ELh 
EDC 
Bw 
ATc 
ATn 
cs 

Ingestion rate of dairy products 
Fraction ingested fran contamimted SOULCC 

Exporure frequcnq 
Exposure dumtion for non-carcinopnr 
Exposure duration for carcinogens 
Body weight 
Avcngc time for arcinogcns (lifetime) 
Avengc lime for om-carcinogens (EDn x365) 
Corscntn tion of chemicals inanimal products 

Compoud Comxntration Units 

antimony 
a r d o r  - US4 
srodor-U6O 
arsenic 
bcryilium 
kniu(a)pyrcne 
admium 
1.2-dichIoroetbpne 
magnesium 
manganese 
mercury 
silwr 

trichlmocthcne 
umnium-total 

2.3.7.8 - tdd  

4.2E-03 
2.4E-04 

8.6E-04 
6.0E-07 
2.2E-04 
1.7E-02 

9.68+02 
3.7E+00 
4.3E-03 
7.SE-01 

1.2E-07 
6.8E-03 

0.9 VCey 
0.75 (Unitless) 
350 da*r 

6 Year 
6 Year 

IS kg 
25550 days 
2190 dayl 

1 

I 



Table H.V.1-66 (mntinmed) 
Summary of Risk Qoantitrtion (chenicaIs) 

Rebrenm Receptor. On-Property Pam Resident (Child) 
Via Ingest ion of Dairy Prodmela 

- HQCacularion 
CDI RID HQ 

Compund (mplkg-day) (mplkg-day) (uritless) 
antimnv 1.8E-04 4.OE-04 4.SE-01 

aroelor-1260 
arsenic 
beqllium 
beop(a)pyrene 
cadmium 
1.2-dcliometha 
magma um 
manganese 
mercury 
silver 
2.3.7.8 - t d d  
tricblometkne 

me 

NA 
3.7E-OS 
2.6E-08 
9.3E-06 
7.2E-04 

4.1E+01 
1.6E-01 
1.8E-04 
3.3E-02 

5.28-09 

NA 

NA 

I uranium-totd 2.98-04 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

NA 
NA 

3.OE-04 
5.OE-03 

1.OE -03 

9.7E+ 00 
1.4E-01 
3.OE-04 
5.OE-03 

6.OE-03 
3.OE-03 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

1.2E-01 
S.1E-06 

7.2E-01 

4.3E+00 
l.lE+00 

6.SE+00 

8.6E - 07 
9.78-02 

NA 

NA 

6.2E-01 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 
I HQ Summation = 1.4E+01 

hornpound 

IIQC~OI- 1254 
imclor-1260 
irsenic 
Ieqllium 
i e o p ( a ) ~ e n e  
rdmium 
1.2-dcliomethane 
n a p e s  um 
nangnese 
nercury 
aver 
!,3,7.8 -tcdd 
ricblometkne 
rnnium - IO td 

inrimny 

TLCR Calculation 
CDI 

NA NA 
8.88-07 

3.28-06 
2.2E-09 
8.OE-07 
6.28-05 

3.5E+00 
1.4E-02 
1.6E - OS 
2.8E-03 

4.4E-10 
2.SE-OS 

JA 

JA 

{A 

JA 
JA 
JA 
JA 
JA 
JA 
JA 
IA 
IA 
JA 
IA 
JA 
IA 
IA 

7.7E+00 
7.7E+00 
1.8E+00 
4.3E+00 
7.3E+00 

9.1E-02 
NA 

NA 
NA 
NA 
NA 

l.SE+OS 
1.1E-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

JA . NA 
IA NA 

6.8E-0 

5.6E-0 
9.SE-0 
5.8E-0 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.9E-1 

rLCR Snmmation = 1.8E-0 



63-4 9 

lisk muation 

IR 
FI 
EF 
EDn 
CP 

Table IILV.1-67 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: On-Property Farm Resident (Child) 
Via Ingestion of Dairy Products 

CDI CSF TLCR 

Cp X ZFX EDn X FIX IR - - 

Ingestion rate of dairy products 
Fraction ingested fmmcontaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in animal products 

0.9 Uday 
0.75 (Unitless) 
3X daysbear 

6 Year 

9.2E-01 
NA 

7.OE+01 
1.2E+03 
5.8E-03 
3.OE-03 
4.7E-02 
2.3E+00 

.adionuclides ( p a )  (pCi)-' (unit less) 

1.3E+03 
NA 

9.9E+04 
1.7E+06 
8.2E+00 
4.3E+00 
6.7E+01 
3.2E+03 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.8E- 10 
1.4E- 12 
3.6E- 11 
1.3E- 12 
1.3E- 11 
1.E- 10 
1.6E- 11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.OE-06 

3.5E-06 
2.2E-06 
1.1E-10 
7.3E- 10 
l.lE-09 
6.48-08 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.9E-06 - I TLCR Summation - 



1R 
R 
EF 
EDn 
EDc 
BW 
ATc 
ATn 
cs 

Table II.V.1-68 
Summary of Rkk Quarditldion (d~cmicdi) 

Rcfcrcncc Rcccpor: On-Property Farm Rcsidmt (Child) 
V u  Ingetion of Vcgrtablar and Fruils 

- 
BWXAT 

I n g e ~ t i o ~  nte of fruits or V C ~ C ~  blcr 
Fnction ingested from contamicated SOUKC 

exposure duration for non-carcinopns 
Exposure dun tion for e rcinqgens 
Body weight 
Avcrap time forercimgenr (lifetime) 
Avcraglc time for om-srcimgcns (@Do x365)  
C o w n t e  tion of chemicals in V C ~ C ~  blcr 

exposure trcqucng 

Compoud Cowntrdtion Units 

antimony 7.9E-01 m w b  
a r d o r -  1254 3.1E-04 mdlr8 
a rdor- U 6 0  mdlr8 
arsenic 2.3E-0 1 

benm(a)pyrcnc 2.3E-04 mdlr8 
beryllium 6.6E-03 mdlrg 

cadmium 3.3E-01 m 0 8  
1.2-dirhlorocU~nc mOi3  

mangncrc 2.OEt02 m%LE 

2.3.7.8 -tcdd mdL8 
trichlmocthcnc 1.2E-03 m%LE 
uranium- tdal 1.4E-01 mdlri3 

m%LE 

magnesium 4.8@+03 mdlr8 

. mercury 1.9E-01 mdlr8 
SilWJ 7.4E-01 

0.106 kghhy 
0.5 (Unitless) 
350 daydyar 

6 Y e r  
6 Ycar 

IS kg 
25550 dag 
2190 dag 



Table H.V.1-68 (6nfnued)- 
Summary of Risk Quanftrtios (chemials) 

Referenee Reaeptot. On-Property Farm Resident (Chibl) 
Via Ingestion of Vegetables md Fruits 

bmpound 
intiauny 

HQCalculation 
CDI RfTl HQ 

[mdkg-day) (mglkg-day) [unitless: 
2.78-03 4.OE-04 6.7E+OC 

imclor- 1254 
imclor-1260 
IrSeLIiC 
IeqUium 
lenim(a)pyrene 
admium 
,2-bcl io~ethane 
magnesium 
manganese 
mercury 
ilver 
,3,7,8-kdd 
richlometkne 
ianium-total 

NA 
NA 

3.OE-04 
5.OE-03 

NA 

NA 
1.OE-03 

9.7E+00 
1.4E-01 
3.OE-04 
5.OE-03 

6.OE-03 
3.OE - 03 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

2.6E+OC 
4.5E-03 

NA 

NA 
l.lE+W 

1.7E+OC 
4.9E+OC 
2.1E+OC 
5.OE-01 

6.8E-01 
1.6E-01 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I HQ Summation = 2.OE+01 

I TLCR Calculation 
I CDI I CSF 

imc~or -1254 
imclor-1260 
IrSeniC 
)eqUium . 
)enim(a)wene 
admium 
I,l-dcHometbane 
nagned um 
nangdnese 
nenury 
aver 
!,3,7,8-kdd 
richlometkne 
iranium -total 

7.7E+00 
7.7E+00 
1.8E+00 
4.3E+00 
7.3E+00 

9.1E-02 
NA 

NA 
NA 
NA 
NA 

1.5E+05 
l.lE-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.OE-07 

1.2E-04 
8.3E-06 
4.9E-07 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.8E-09 

[TIER Summation = 1.3E-04 



*. ' .  

Risk Equation 

IR 
FI 
EF 
EDn 
cv 

Table KV.1-69 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: On- Property Panu Resident (Child) 
Via Ingestion of Vegetables and Fruits 

CVX EF X EDn X FI X IR - - 

Ingestion rate of fruits or vegetables 
Fraction ingested from contaminated source. 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in vegetables 

2.7E+01 
NA 

9.3E+02 
2.6E+Q3 
1.8E+00 
9.4E-01 
1.7E+00 
4.9E+01 

0.106 kg/day 
0.5 (Unitles) 
350 daystyear 

6 Year 

CDI CSF TLCR 
.adionuclides ( p a )  (PC3-1 (uoitlcss) 

3.OE+03 
NA 

1.OE+O5 
2.9E+m 
2.OE+02 
1.1E+02 
1.9E+02 
5.4E+Q3 

NA 
NA ' 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.8E- 10 
1.4E- 12 
3.6E- 11 
1.3E- 12 
1.3E- 11 
1.7E- 10 
1.6E- 11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.38-06 

3.7E-06 
3.8E-07 
2.68-09 
1.8E-C8 
3.OE-09 
1.lE-07 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.6E-06 - I TLCR Summation - 
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Table IILV.1-70 

Summary of Risk Quantitation (radionuclides) 
Reference Receptor: On-Property Farm Resident (Child) 

Via External Radiation 

lose EquivalcncyEquat: = [DRXEFXEDnX E'TiX(l-sH;)] +(DRXEFXEDnX ET,X(l-SH,)] 

EF 
ED Exposure duration 
mi 
nb 
SHi 
SH, 

Fraction of year spent exposured 

Fraction of day spent indoors 
Fraction ofdayspentoutdoors 
Shield factor indoors 
Shield factor outdoors 

DR Radionuclide specific dose concentrations 

1.60E+00 pWg 
NA Pwg 
3.69E-01 pwg 
2.50E-01 pWg 
2.14E+00 pWg 
l.llE+OO pWg 

3.85E+00 pWg 
7.06E-02 pWg 

NA P a t 3  
NA PWg 

0.96 (unitless) 
6 Year 

0.92 (unitless) 
0.08 (unitless) 
0.5 (unitless) 

(uni tless) 
(see table below) 

CDI CSF TLCR 
.adionuclides (year pCi/g) (g/pCi -year)-' (unitless) 

5.OE+00 

l.lE+00 

6.7E+00 
3.5E+00 
2.2E-01 
1.2E+01 

NA 

7.8E-01 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.OE-06 
1.2E-09 

6.OE- 13 
5.4E- 11 
8JE-06 
2.4E-07 
5.1E-08 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.OE-05 
NA 

4.7E- 13 
3.6E- 10 
2.9E-05 
5.3E-08 
6.1 E- 07 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.OE-05 - I TLCR Summation - 



IR 
PI 
EP 
EDn 
E D C  
BW 
ATc 
ATn 
cs 

Table II.V.l-71 
Summary of Risk Quantitation (chemic&) 

'Rcfercnce Receplor: Milk and Meat Consumer 
Via Ingestion of Met Products 

Ingestion ntc of meat 
Paction ingested from conrarninatcd SOUICC 

Exposure frequency 
Exposure dun tion for non-carcinognr 
Exporurc duntion for carcinogens 
Body weight 
Avc~age time forcarcimgcns (liktimc) 
Average time fornm-~rciDOgens (EDn x365) 
Conccntra tion of chemicals in meat 

- 
BWXAT 

Compoud ConccntP tion Units 

antimony 
a rodor- US4 
a rodor - U60 
a ncnic 
beryllium 
benm(a)pyrcnc 
cadmium 
1,Z-didoroetle 
magnesium 
manpncrc 
mercury 
SilWl 
2.3.7.8 -tcdd 
trichlRccIhcnc 
uranium-total 

ne 

4.2E-OS 
7.93-07 

2.9E-05 
6 . 6 8 4 7  
6.88-07 
9 . 2 8 4 6  

1.2E+00 
4.2E-03 
2.4E-03 
l . lE-04 

3.8E-10 
2.2E-06 

0.1 kg/&y 
0.75 (Unitless) 
3Y) dayJycar 
70 Y e a r  
70 Y e a r  
70 kg 

, 

25550 days 
255% days 

0 '  

_ .  

. .  
._.I _ .  

. .  



Table H.V.1-71 (continmed) 
Summary of Risk Qoamtitrtiom (chemials) 

Reference Receptor: Milk and Meat Consumer 
Via Ingestion of Meat P d m c t s  

HQ Calculation 
CDI RID HQ 

Compound (mdkx-day) (mdkg-day) (uritless 
antinuny 4.38-08 4.OE-04 l.lE-O/ 
amelor- 1254 I amclor- 1260 
arsenic 
beflium 
bem(a)pyrea 
cadmium 
1.2-dchlomethne 
magnes um 
manganese 
mercury 
silver 
2.3.7.8-lcdd 
trichlometkne 

3.OE-08 
6.8E-10 
7.OE-10 
9.4E-09 

1.2E-03 
4.38-06 
2.48-06 
1.2E - 07 

3.9E-13 
I uranium-totd 3E-09 

NA . 
NA 

3.OE-04 
5.OE-03 

1 .OE - 03 

9.7E+00 
1.4E-01 
3.OE-04 
5.OE-03 

6.OE-03 
3.OE-03 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

9.8E-0i 
1.4E-0; 

9.4E-Ot 

1.3E-04 
3.1E-01 
8.1E-0: 
2.3E-0! 

6.5E-11 
7.7E-0; 

NA 

NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 

I 

I HQ Summation = 8.5E-03 

kmpound 

imclor-1254 
imclor-1260 
IrseniC 
)eflium 
)enm(a)pyrem 
rdmium 
1.2-deliornethoe 
nagnesi um 
nanpnese 
nercury 
aver 
!,3,7.8-t~dd 
richlometkne 
iranium-total 

1nIimony 

TLCR Calculation 
CDI CSF TLCR 

(mdh-day) (mplkg-day)-' (uaitlessl 
4.3E-08 
7.7E-10 

IA 
3.OE - 08 
6.8E-10 
7.OE-10 
9.48-09 
IA 
1.2E-03 
4.3E-06 
2.4E-06 
1.ZE - 07 

IA 
3.9E-13 
2.3E-09 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
'A 
A 
A 
A 
A 
A 
A 
A 

7.7E+00 
7.7E+00 
1.8E+00 
4.3E+00 
7.3E+00 

NA 

NA 
NA 
NA 
NA 

9.1 E -02 

l.SE+OS 
l.lE-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.9E-09 

5.ZE-08 
2.9E-09 
5.1E-09 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA Y 

4.3E- 15 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

rLCR Summation = 6.6E-08 



Rink Equation 

IR 
FI 
EF 
EDn 
Cf 

Table kV.1-72 
Summary of Risk Quantitation (radionuclides) 
Reference Receptor: Milk and Meat Consumer 

Via Ingestion of Meat Products . 

CfX EFX EDn X FI X IR - - 

Ingestion rate of m a t  
Fraction ingested fmmcontaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in meat 

5.1E-04 

1.4E-02 

7.OE-06 
3.6E-06 
1.5E-05 
7.5E-04 

NA 

1.OE+00 

0.1 kg/day 
0.75 (Unitless) 
350 dayslyear 
70 Year 

CDI CSF TLCR 
Radionuclides (pci) (PO)-' (unitless) 

9.3E-01 
NA 

2.6E+01 
1.9E+O3 
1.3E-02 
6.6E-(3 
2.8E-02 
1.4E+00 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.8E- 10 
1.4E- 12 
3.6E- 11 
1.3E- 12 
1.3E- 11 
1.7E- 10 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.3E- 10 

9.2E- 10 
2.5E-09 
1.7E- 13 
1.1E- 12 
4.5E- l3 
2 . E -  11 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.1E-09 - I TLCR Summation - 



P 

IR 
PI 
EP 
EDn 
EDC 
BW 
ATc 
ATn 
cs 

Table Il.V.1-73 
Summary of R s k  Quantitltion (chemicak) 

Reference Receflor: Milk and M u t  Coasumcr 
Via Ingestion of Dairy Products 

- 
B W X A T  

Ingestion rate of dairy products 

Exporurc frequency 

exponrrc duration for orchogcns 

Fraction ingested from conemimtcd source 

Exponrr~ dura tion for D O D - C Z X C ~ O ~ I U  

Body weight 
Avenge time forcarcimgcns (lifetime) 
Avenp~ time for om-srcioogens (EDn x365) 
Cosrntrdtion of chemicals hanimal prodlrts 

Compoud Comxntrdtion Units 

antimouy 
a r d o r -  1254 
a r d o r -  1260 
arsenic 
beryllium 
bcnao(a)pyrtne 
cadmium 
1.2-diddoroctle 
magnesium 
mangnere 
mcrculy 
silux 
2.3,7,8-tcdd 
U k h h O C I h C n C  

urn nium- total 

I ne 

4.2E-03 
2.4E-04 

8.6E-04 
6.0E-07 
2.2E-04 
1.7E-02 

9.6E+02 
3.7E+00 
4.3E-03 
7.5E-01 

1.2E-07 
6.0E-03 

0.4 VCay 
0.75 (Unitles) 
350 daydycar 
70 Year 
70 Year 

. 70 kg 
25550 Lyr 
25550 dayr 



Table H.V.1-73 (aontinsed) 

Compound 
antimony 

Summary of Risk Qaanri’trth. (&enicals) 
Reference Receptor: Milk and Meat Consmner 

Via Ingestion of Dairy Prodmctti 

TLCR Calculation 
CDI CSF TLCR 

[mpjkg-day) (mplkg-day)-’ (unitless: 
1.7E-OS NA NA 

I HQ Calculation 
I I CDI I RfD I HQ 
Compound 
antimonv I 1.7E-OS 4,OE-04 4.3E-0 
amc~or-12~4 
amclor- 1260 
arsenic 
beflium 
bem(a)pyrene 
cadmium 
1.2-d~tlo1tctbne 
magnesium 
manganese 
mercury 
silver 
2,3,7,8-lcdd 
tricbloroetkne 
uranium-total 

7E-07 

5E-06 
4E-09 
8E-07 
9E-05 

9E+W 
SE-02 
8E-05 
1E-03 

9E-10 
8E-OS 

NA 
NA 

3.OE-04 
S.OE-03 

1 .OE -03 

9.7E+ 00 
1.4E-01 
3.OE-04 
5.OE-03 

6.OE-03 
3.OE-03 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

1.2E-02 
4.9E-07 

6.9E-02 

4.1E-01 
l.1E-01 
5.98-02 
6.2E-01 

8.2E-08 
9.3E-03 

NA 

NA 

NA 

NA 
NA . 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA . 
NA 

I I I S K I  Summation = 1.3E+00 

rmc~or 1254 
amclor- 1260 
arsenic 
bewium 
bem(a)pyrene 
cadmium 
1.2-dctlometbne 
magnesi um 
manganese 
mercury 
silver 
2.3.7.8 - tcdd 
tricbloroetkne 
uranium -total 

7E-07 

5E-06 
4E-09 
8E-07 
9E-05 

9E+W 
SE-02 
8E-OS 
1E-03 

9E-10 
BE-OS 

7.7E+W 
7.7E+W 
1.8E+W 
4.3E+W 
7.3E+W 

9.1 E - 02 
NA 

NA 
NA 
NA 
NA 

l.SE+OS 
1.E-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.SE-W 

6.2E-06 
l.lE-08 
6SE-Of 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.4E-12 

I 

ITLCR Summation = 2.OE-0! 
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Risk Equation 

IR 
n 
EF 
EDn 
CP 

.* ~ . . I I  r 

Table kV.1-74’ ’ 

Summary of Risk Quantitation (radionuclides) 
Reference Receptor: Milk and Meat Consumer 

Via Ingestion of Dairy Products 

Cp X EFX EDn X FIX IR - - 

Ingestion rate of dairy products 
Fractbn ingested fmmcontaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionucldes in animal products 

R%m+ttd 9.2E-01 
h2n NA 
% O + l d  7.OE+01 
=%9 1.2E+03 

%+lM 

ups+2d 2.3E+00 

5.8E-03 
3.OE-03 

~pstl36 4.7E-02 

% 

0.4 Vday 
0.75 (Unitless) 
350 daystyear 
70 Year 

CDI CSF TLCR 
!adionuclides ( p a )  (pCi1-I (unit less) 

6.7E+03 
NA 

5.1E+05 
8.9E+06 
4.3E+01 
2.2E+01 
3.5E+02 
l .E+04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA . 
NA 
NA 
NA 
NA 

7.8E- 10 
1.4E- 12 
3.6E- 11 
1.3E- 12 
1.3E-11 
1.7E- 10 
1.6E- 11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.3E-06 

1.8E-05 
1.2E-05 
5.5E- 10 
3.8E-09 
5.6E-09 
3.3E-07 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1 TLCR Summation = 3.6E-05 



- 
B W X A T  

IR 
EP 
EDn 
EDc 
Bw 
ATc 
ATn 
cs 

Inhalation ratc d p e r  (RAGS, 1989) 
Exposure frequency 
exposure dun tion for non-carcinogns 
exposure dum tion for Q rcinogens 
Body weight 
Avcrag time for carcinogens (liktime) 
Avcrag time for ncm-carcinogens (EDn x365) 
Colvcnbation of chemicals in roil 

Compourd Conanha tion Units 

antimony 2.0E-09 mdm’ 
a rodor- l2S4 1.6E-11 m g d  
arodor-lZ6O mdm’ 
arsenic 3 . 2 8 4 9  mp/m3 
beryllium 333-10  mglm’ 
benWa)pyrrne 1.m-11 mdm’ 
Qdmium 3.0E - 10 mum’ 
1,2-didorocthac mdm’ 
magnesium 1.8E-06 mdm’ 
manganese 4.5E-07 mum’ 
mercury 1.5E-10 m g d  
rilwr l . lE-09  mdm’ 
2.3,i.a -tcdd m g d  
trichlcrocthcnc 4.4E-13 mdm3 
uranium- total 1.1E-08 mum.’ 

mum’ 

20 m%ay 
250 daystycar 
25 Year 
25 Year 
70 kE 

25550 dap 
9 u s  dap 

(see table below) 



Table H.V.1-75 (amhued) 
Summary of Risk Qpa~timfiOn (denials) 

Rebrenca Recaptoc Conmsraal/hdustrial User 
Via Inhalation of Partialatas 

Eompund 
antimony 

HQCalculation 
CDI RfD HQ 

[m&-day) [mdk-day) (utitless] 
4.OE-10 NA NA 

ItodOr-12% 
rmclor- 1260 
IrseUiC 
Beqllium 
)enm(a)melle 
admium 
IS-dctiomethane 
nagllesium 
nanganese 
nercury 
aver 

rictdoruetkne 
iranium-total 

!,3.7,8 - tcdd 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.9E-03 

1.4E-05 
8.6E-05 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.1E -03 
3.4E-07 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I Hazard Quotient Sam = 6.1E-03 

I TLCR Calculation 
I CDI 

amclor- 1254 
amclor-1260 
arsenic 
seqllium 
,enzo(a)pyrene 
zdmium 
1,2-dcUomethane 
magnesium 
manganese 
mercury 
iilver 
Z,3,7,8 -tcdd 
tnctdoroetkne 
uranium-total 

NA 
NA 

1.5E+01 
8.4E+00 
6.1E+00 
6.3E+00 
9.1E-02 

NA 
NA 
NA 
NA 

l.SE+OS 
6.OE-03 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

3.3E-0 
2.OE-11 
4.7E-1: 
1.3E-ll 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.9E-11 

I 

3.7E-OS I TLCR Sammation = 



list Equation 

IR 
EF 
EDn 
ca 

Table H-V.1-76 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: Commercial/Industrid User 
Via Inhalation of Gases and Particulates 

- - CaX EFX EDn X IR 

Inhalation .rate of gases (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in air 

8.2E-07 pWm' 

1.9E-07 p W d  
1.4E-07 p a d  
1.3E-06 p W d  
6.OE-07 p W d  
4.7E-08 p W d  
3.6E-06 p W d  

l.lE+Ol p W d  

P a d  
P a d  

20 d d a y  

25 Year 
250 ~Ysrycar  

(see table below) 

CDI CSP TLCR 
Radionuclides [PCi) [pCi)-' (unitless) 

1.OE-01 
1.4E+06 
2.3E-02 
1.7E-02 
1.6E-01 
7.5E-02 
5.8E-03 
4.5E-01 

NA 

7.OE-09 
7.3E- 13 
6.2E- 11 
8.3E- 12 
2.9E-08 
1.lE-07 
2.5E-08 
2.4E-08 

NA 

7.1E-10 
1.OE-06 
1.4E- 12 
1.4E- 13 
4.5E-09 
8.3E-09 
1.5E- 10 
l.lE-08 

NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 

LTLCR Summation - - l.lE-06 
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Table H.V.1-77 
Summary of Risk Quaditation (chemic&) 

Rcfacnce  Rccepor: Commercial/IndustriaI fia 
Via Incidental Ingestion of  Soil 

IRs 
CP 
EP 
EDn 
E D C  

BW 
ATc 
ATn 
CS 

Ingestion nte of roil (RAGS, 1989) 
Conversion factor 
Expcaurc iqucncy 
Exposure duntion for non-carcinognr 
Exposure dun tion for carcinogens 
Body wight  
Average time for carciwgcnr Ciktimc) 
A v e n g  time for om-carcinogens (ED0 x365) 
Conccntm tion of chemicals in soil 

- 
B W X A T  

Compoud Co=ntn tion Units 

antimony 
ardor-1254 
ardor-1Z6O 
arsenic 
beryllium 

cadmium 
1.2-didorocttanc 
magnesium 
manganese 
mercury 
rilvcr 
2,3,1,8-lcdd 
trichlaocthcnc 
unnium- total 

beWa)pyrcne 

4.OE+OO 
2.5E-02 

5.8Et4JO 
6.6E-01 
2.0E-02 
6.0E-01 

4.8EI.03 
8.1E+02 
2.1E-01 
l.e.E+00 

7.6E -04 
l.ZE+Ol 

100 mg/day 

250 d a m e a r  
1.OE-06 kg/mg 

25 Year 
25 Year 
10 kg 

25550 days 
9 u 5  days 

(scc table below) 

I 



Tablc H.V.l-77 (continued) 
Sommrry of Risk Qmrntitatiom (ehamicds) 

- 4.OE-02 

Compound 
antimony 
arocla - 1254 
arocla - 1260 
arsenic 
beyllium 
bemo(a)pyrene 
cadmium 
12-dichlrroe hane 
magn6ium 
manganese 
macury 
silva 

trichluoethene 
uranium-total 

2.3.7.8-tcdd 

L I I I  I m C R  Summaim = 4.68-06 

Reference Receptor: CommerciaVInduetriaI User 
Via lncidcntal Ingestion of Soil 

'ILCR Calculilion 
CDI CSF TLCR 

Compound unklgs' 
antimony 1.4E-06 NA 

[m&kR-day) [mp/lrg- 
3.9E-06 4.OE-0 
2.4E-08 NA 

[A NA 
5.6E-06 3.OE-0 
6.S-07 5.E-0 
2.OE-08 NA 
5.88-07 1.OE-0 

[A NA 
4.6E-03 9.7E+O 
7.9E-04 1.4E-0 
2.OE-07 3.OE-0 
1.8E-06 5.OE-0 

[A NA 
7.4E-10 6.OE-0 
1.1E-05 3.OE-0 

[A NA 
[A NA 
[A NA 
[A NA 
[A NA 
[A NA 
[A NA 
[A NA 
[A NA 
[A NA 
[A NA 
[A NA 
[A NA 
[A NA 
[A NA 
[A NA 

NA 
NA 

1.9E-02 
1.3E-04 

NA 

NA 
5.8E-04 

4.8E-04 
5.E-03 
6.88-04 
3.68-04 

1.2E-07 
3.8E -03 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

arocla- 1254 
arocla- 1260 
arsenic 
bayllium 

cadmium 
12-dichlmoa hane 
magnesium 
manganese 
mercury 
silva 

trichluoethene 
uranium -total 

buao(a)pyrene 

2.3.7.8 -tcdd 

6E-09 

OE-06 
3E - 07 
OE-09 
1E-07 

7E-03 
BE-04 
3E-08 
4E-07 

6E-10 
1E-06 

7.7E+O( 
7.7E+O( 
1.8E+O( 
4.3E+O( 
7.3E+O( 
NA 

NA 
NA 
NA 
NA 

9.1E-02 

1.5E+o5 
l.lE-02 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.6E-0( 

3.92-o( 
9.9E-0; 
S.1E-(U 

NA 

NA 

NA 
2.9E-12 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
'NA 
NA 
NA 
NA 
NA 
NA 

' .  .. 



.. 6349  

Risk Equation 

IRS 
EF 
EDIl 
FI 
CS 

Summary of Risk Quantitation (radionuclides) 
Reference Receptor: CommerciaVIndustriaI User 

Via Incidental Ingestion of Soil 

- - CS XEFX EDn X FIXIR 

Ingestion rate of soil (RAGS. 1989) 
Exposure liequency 
Exposure Duration 
Fractional Intake 
Concentration of radionuclides in soil 

R%26+Rd 
RI1222 
%O+ld 
*% 
- 4 3 0  
-432+1od 
u23,, 
U238+2, 

1.6OE-03 pCi/mg 
pCimg 

3.69E-04 pCimg 
25OE-04 p C i g  
214E-03 pCihng 
l.llE-03 pCi/mg 
7.06E-05 pCi/mg 

pCi/mg 
pCi/mg 

3.85E-03 pCimg 

100 mg/day 
250 daystyear 
25 Year 
1 (unitless) 

pCi/mg 
P C b g  
pCimg 
pCimg 
pCihng 
pCimg 
Pcihng 
pCi/mg 
pCi/mg 
pCi/mg 

CDI CSF TLCR 
Ladionuclides (pCi) (pCi1-l (unitless) 

1.00E+03 

23lE+02 
1.56E+02 
134E+03 
6.94E+02 
4.41E+01 
241E+03 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.80E- 10 
1.4OE- 12 
3.6OE- 11 
1.3OE- 12 
1 3 E -  11 
1.70E- 10 
1.6OE- 11 
2.00E- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.8OE-07 

8 3 E  - 09 
203E- 10 
1.74E-08 
1.18E-07 
7.06E- 10 
4.81E-08 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 



SA 
AP 
ABS 
CP 
EP 
ED0 
EDC 
Bw 
ATc 
ATn 
cs 

P 

Table II.V.l-79 
Summary of Risk Quaatitdim (chemic&) 

Rcfacncc  Rccepor: Commercid/Industrial &a 
Via Dermal Contad wkh Soil 

XCF 
BWXAT 

Surhaarcp of exposed skin (SOth pcrccntilc. bo& only) 
Sail toskinadhcrcna hctor (RAGS 1989) 
chembla rpecificnbsork4ion factor (see table below) 
Conversion factor 

exporurc duntion for non-carcinopns 
exporurc dun tion for Q rcinogcns 
Body weight 
Averag time forerehogens (liktimc) 
Avcrag time for o m - e r c h g c n r  (EDn x365) 
Coacntn tion of chemicals in roil 

Exposure frcqucng 

Compoud ABS Coacntnti  Units 

antimony 
a rodor- US4 
arodor-U60 
arsenic 
beryllium 
benm(a)pyrcnc 
edmium 
1.2-didorocUanc 
magnesium 
mangncsc 
mercury 
silwx 
2.3.7.8 - tcdd 
trichlarocthcne 
uranium- total 

1.00E-02 
6.00E-02 
6 .WE - 02 
1.00E-03 
1.M)E-02 
3 .WE -01 
1.00E-02 
3.00E-01 
1.00E-02 
1.00E-02 
S.00E-02 
1.00E-02 
3.00E-02 
3.00E-01 
1.00E-02 

NA 

3 . 9 7 ~ + 0 0  
2.46E-02 

S.7SE+00 
6.62B - 01 
2.00E-02 
S.%E-01 

4.75E +03 
8.128+02 
2.09E-01 
1.84E+00 

7.55E-04 
l.l6E+Ol 

r S ~ S O  cm%b 
1 mgcm 

1E-06 kgmg 
u v  

2s daystycar 
25 Year 
2s Year 
70 kg 

2ssm dap 
912s dap 



TablrH.V.1-79 (amCmoed) 
Snmmaly of Risk Qmantihtiorn (chemials) 

Rebrernae Receptor: Con~neraal/ImdmstUd Umr 
V . 

I HQCalculaCon 
I CDI I RID I HQ 

Compound I (mdk-day) I (mp/k-day) I (unitless 
inlimny I2.23E-06 6.00E-05 3.728-0: 
imclor- 1254 I8.30E-08 
imclor-1260 
1nenic 
,eqUium 
,em(a)wene  , 

admium 
L,2-dcHomethne 
nagnes um 
nanganese 
nercury 
aver 
!,3,7.8-tcdd 
ricbloroetkne 
iranium- to tal 

NA 
NA 
2.85E-04 
5.00E-03 

5.00E-05 

4.85E-01 
4.20E-03 
4.50E-05 

NA 

NA 

NA 
NA 
5.888-03 
1.50E -04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
1.14E-0: 
7.45E-O! 

6.71E-0: 

5.51E-0: 
1.09E-01 
1.31E-0; 

NA 

NA 

NA 
NA 
2.17E-0( 
4.35E-0; 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 
I HQ Summation = 2.16E-01 

Dermal Corntactwith Soil. 
I TLCR Calculation 
I CDI I CSF I TLCR 

Compound 
1nlimny 17.98E-07 NA 

I Irnp/kp,-dav)I Im,&-day)-' I (unitless 

imc~or -i254 
imclor-1260 
IlSeniC 
YeqUium 
,enao(a)wenc 
admiurn 
1.2-dcHomethne 
magnesium 
manganese 
merury 
Aver 

:richlometkne 
iranium - IO tal 

1.3.7.8-tedd 

7E-08 1.03E+01 
1.03E+01 

6E-07 1.84E+00 
3E-07 4.30E+00 
1E-07 NA 
OE-07 NA 

4E-04 NA 
3E-04 NA 
OE-07 NA 
OE-07 NA 

3.00E+05 
5E-09 1.12E-02 
3E-06 NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.01E-01 

3.04E-0 

2.13E-0 
5.72E-0 

NA 

NA 

NA 
5.11E-1 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I T E R  Summation = 1.09E-0( 
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Table H.V.1-80 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: Cbmmercid/lndustnal User 
Via External Radiation 

3ose Equimleney Equat: = [DRXEFXEDnX ETiX(l-SH;)] +[DRXEFXEDnX ET0X(1-SHJ] 

EF 
ED Exposure duration 

Fraction of year spent exposured 

F m  tion of day spent indoors 
Fraction of day spent outdoors 
Shield factor indoors . 
Shield factor outdoors 

DR Radionuclide specific dose concentrations 

mi 
ET0 
SH; 
SHO 

1.60E+00 pWg 
NA PWg 
3.698-01 pWg 
2.50E-01 pWg 
2.14Ei-00 pWg 
l.llE+00 p u g  
7.06E-02 pWg 
3.85E+00 pWg 
NA P a l 3  
NA Pcilg 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.68 (unitkss) 
25 Year 
0.8 (unitkss) 
0.2 (unitkss) 
0.5 (unitless) 

(unitkss) 
(see table below) 

CDI CSP TLCR 
Radionuclides (year pCilg) (g/pCi-year)-' (unit less) 
I 

1.6E+01 

3.8E+00 
2.6E+00 
22E+01 
l.lE+Ol 

3.9E+01 

NA 

7.2E-01 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.OE-06 
1.2E-09 

6.OE- l3 
5.4E- 11 
8.58-06 
2.4E-07 
5.1E-QB 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

9.8E-05 
NA 

15E- 12 
1.2E-09 
9.6E-CB 
1.7E-07 
2.OE-06 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

L I TLCR Summation E 2.OE-04 



Table H.V.l-81 
Summary of Risk Quaotitaioa (chemic&) 
Refacnce  Recepor: Dcvelopcd Park Usa 

Via Inhalation of Pu~icuhttcs 

l!-Ulh 

0.83 
4 

104 
u 
43 

255m 
4380 

QV 

w 
0.83 

4 
40 
38 
70 

255% 
I3870 

a v  

rcnoir 
dI4I.t 

0.83 m3mour 
2 bour/day 

40 damcar 
14 y e n  
70 kg 

z55so days 
5110 days 

a v  

dlild 

0.83 
4 

64 
6 

15 
ZSSB 
2 190 

csv 

IR 
ET 
EP 
ED 
BWa 
AT 
A P  
cs 

Inhhtionrate d pres 
exporure time 
expolure frequency 
expolure dun tion 
Body weight (adult) 
Avcrap time for carcinogens 
Avcrap time for nun-carcinogens (adult) 
Conccntmtion ofchemicals in particuhtc as modeled 

Compoud Cooccntration Units Compoud Concentration Unitc 

mum3 
mum3 
mum3 
mum3 
mum3 
mdm3 
mum3 
mdm3 
mum3 
mum3 
mum’ 
mum3 
mum’ 
mum3 
mum3 

antimony 
arodor-1254 
arodor-lZ6O 
arsenic 
kryllium 

cadmium 
1.2-dichloroctbrnc 
magnesium 
rnangncsc 
mercury 
S i l U X  

2,3.7,8-lcdd 
hiehlaocthcnc 
uranium-focal 

b==xa)pyrcnc 

2.0E-09 
1.6E-11 

3.2E-09 
3SE-10 
1.m-11 
3.OE-10 

1.8E-06 
4.5E-07 
1.SE-IO 
l . lE-09  

4.4E-13 
l . lE-08 



Smmmary of Risk Quamtibtka (ddnicrh) 
Refeream Receptor: Dewbped Park User 

Via Iahahtioa of Partialatus 

hmplund 
intimony 
imclor-1254 
imclor-1260 
irsenic 
Iewiurn 
ienzo(a)pyrelle 
:admiurn 
L,2-dcHomethne 
nagnesi um 
nanpnese 
necury 
lver  
!.3,7.8-kdd 
dehloroetkne 
iranium-total 

- da 
2.1E-11 NA NA 
1.6E-13 
IA 
3.3E-11 
3.68-12 
1.2E-13 
3.2E-12 
IA 
1.9E-08 
4.7E-09 
1.5E-12 
1.2E-11 
'A 
4.68-15 
l.lE-10 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.9E-03 

1.4E-05 
8.6E - OS 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
3.3E-04 
1.8E - 08 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

IQ Summation = 3.3E-04 

Complund 
antimony 
amclor - 1254 
amclor-1260 
arsenic 
bewium 
benzo(a)pyreae 
admium 
1.2-dcHomethne 
magnesium 
manganese 
mecury 
dver 
2.3.7,8-lfdd 
lrichloroetkne 
uranium-total 

TLCR Calculation 
CDI I CSF 

1.6E-13 
IA 
3.3E-11 
3.6E-12 
1.2E-13 
3.2E-12 
IA 
1.9E-08 
4.78-09 
1.5E-12 

IA 
4.6E- 15 
l.lE-10 
IA 
'A 
'A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

1.2E-11 

NA 
NA 

l.SE+Ol 
8.4E+00 
6.1E+00 
6.3E+00 
9.1E-02 

NA 
NA 
NA 
NA 

1.5E+OS 
6.OE-03 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

4.9E-IC 
3.OE-11 
7.lE-13 
2.OE-11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.88-17 

rU!R Sommation = SSE- 10 



63 4-9 
Table H.V.l-82 

Summary of Risk Quantitation (radionuclides) 
Reference Receptor: Developed Park User 

Via Inhalation of Gases and Particulates 

Risk Equation 

IR 
ED 
ET 
EF 
CA 

= CAXEFXEDXIRXET 

Inhalation rate of gases 
Exposure duration 
Exposure time 
Exposure frequency 
Concentration of radionuclides in air 

8.2E-07 
l.lE+Ol 
19E-07 
1.4E-07 
13E-06 
6DE-07 

36E-06 
4.7E-08 

pcim' 
pcirn' 
pcim' 
pCim3 
pcim' 
pciim3 
pCim3 
pCim3 
pCim3 
pCim' 

e y o u t h a  

083 083 083 
6 12 38 
4 4 4 

64 104 40 
csv CSV csv 

pcim' 
pcim' 
pcim' 
pcirn' 
pCim3 
pcim' 
pciim' 
pCim3 
pCim3 
pcim' 

senoir 
adult - 
083 m'hour 

14 years 
2 hour/day 
40 daysbear 

csv 

adionuclides (pCi) f unitlcss) 

93E-03 
13E+05 
2.1E-03 
16E-03 
1.4E-02 
68E-03 
53E-04 
4.1E-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7DE-09 
73E- 13 
6.2E-11 
83E-12 
29E-08 
l.lE-07 
25E-08 
2.48-08 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

65E-11 

13E-13 
13E-14 
4.1E-10 
75E-10 
13E-11 
9.7E- 10 

9.48-08 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

96E-08 - I TLCR Summation - 



RirLEauaLim = CSXEFXEDXCFXIR 
BW X AT 

IR 
EF 
E D  
CF 
AT 
AT 
BW 
cs 

Ingstbn nte d soil 

Erparun duration 
Conlersion factor 
Aleng h Iorcarcinops 
Aleng h lor non-circioogns 
Body weight 
Conanbation ofchemicals in soil 

E- fJw=ncy 

Ckathl C-ntnCoar 

Table H.V.l-83 
Summary of Risk Quantitation (chemic&) 
Refuence Recepta: Developed P u k  User 
Via Iocidentd Ingestion of SoiUSedimenI 

Compound Conenba tion Units 

antimony 
ardor-1254 
ardor-1260 
arsenic 
beryulum 
t-o(a)PP= 
odmium 
l,l-dichbratbaae 
magnesium 
manpnet 
=w 
siher 
&3,1&- tcdd 
ttichloroe thene 
Unium-totd 

4.oE+Oo 
2sE-02 

5.8E+Oo 
6.6E-01 
2oE-a2 
6.oE-01 

4.8E+lU 
8.lE+a2 
2lE-01 
1.8E+Oo 

7.6E-W 
1.2E+o1 

child 

50 
64 
6 

lE -06 
2550 
2190 

15 

- 

csv 

y& 

25 
lo4 
12 

LE -06 
23550 
4380 

43 
w 

t mir 
g&lJ 

13 mel% 
40 daystpr 
14 )ear 

LE-06 Wmg 
25550 day 
5110 day 

m)Lg 
csv 
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Table H.V.1-83 (continued) 
Sammary of Risk Quastitation (ekemieds) 
Reference Receptor: Developed Park User 
Via Incidental Ingestion of SoiVSediment 

RtD HQ 
Compound 
antimony 
arocla - 1254 
~ d n  - 1260 
arsenic 
bayllium 
bemo(a)pyrme 
cadmium 
12-dichluort hane 
magntsium 
mangantse 
m6CUry 
silva 
217.8 -tcdd 
trichluoethene 
uranium-total 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

3.OE-04 
5.OE - 03 

NA 

NA 
1.a-03 

9.7E+00 
1.4E-01 
3.OE-04 
5.OE - 03 

6.OE-03 
3.OE-03 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

2.OE - 03 
1.4E-OS 

NA 

NA 
6.2E-05 

5.1E -OS 
6.OE-04 
7.2E - 05 
3.8E - 05 

1.3E-08 
4.OE-04 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I HQ Summaion = 4.3E-03 

I 'ILCR Calculaion 
I I CDI I CSF I 'ILCR 
Compound I (mgkg-day)l(mgkg-day)-I I (unlless' 
antimonv I 4.1E-07 NA NA 
arocla - 1254 
~o~la -  1260 
arsenic 
beryllium 
bemo(a)pyrene 
cadmium 
12-dichluort hane 
magntsium 
manganese 
macury 
silva 

trichluoethene 
2.57.8-tcdd 

2.6E-09 

6.OE-07 
6.9E-08 
2.1E-09 
62E-08 

4.9E-04 
8.4E-OS 
2232-08 
1.9E-07 

7.8E- 11 

7.7E+00 
7.7E+00 
1.8E+00 
4.3E+00 
7.3E+00 

NA 

NA 
NA 
NA 
NA 

9.1E-02 

1.5E+o5 
l.lE-02 

~~~ 

2.m-01 

1.OE-o( 
3.OE-0: 
1%-01 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

8.6E-13 

I 

I TLCR Summation = 1.4E-06 



I . '  . . 

Table I-LV.1-84 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: Developed Park User 
Via Incidental Ingestion of SoilBedirnent 

lisk Equation 

IR 
EF 
ED 
FI 
cs 

= CSXEFXEDXFIXIR 

Ingestion rate of soil 
Exposure frequency 
Exposure duration 
Fractional Intake 
Concentration of chemicals in soil 

- child & adult 
50 25 25 
64 104 40 
6 12 38 
1 1 1 

CSV csv csv 

1.6E-03 pCimg 
pCimg 

3.7E-04 pCimg 
2.5E-04 pCimg 
2.1E-03 pCimg 
l.lE-03 pCdmg 
7.1E-05 pCimg 
3.9E-03 pCi/mg 

pCimg 
pCilmg 

senoir 
adult - 

13 mg/day 
40 days/year 
14 year 
1 (unitless) 

csv 

pCimg 
pCimg 
pCimg 
pCimg 
pCimg 
pCimg 
pCimg 
pCimg 
pCi/mg 
pCi/mg 

CDI CSF TLCR 

1.5E-04 7.8E- 10 1.2E- 13 

3.58-05 3.6E-11 1.3E- 15 
3.1E- 17 2.4E-05 1.3E- 12 

2.OE-04 1.3E-11 2.7E- 15 
l.lE-04 1.7E- 10 1.8E- 14 
6.8E-06 1.6E-11 1.1E- 16 
3.7E-04 2.OE- 11 7.4E- 15 

1.4E- 12 NA %l6+Sd 

;'90+ld 

NA %22 

k9 
b .20  
b + l O d  
Jwm 
JZls+2d NA NA NA 

NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 

I TLCR Summation - - 1.5E- 13 



Table H.V.1-85 
Smmaxy of Risk Qnantitrtion (chemicals) 
Reference Receptor: Dedoped Park User 
Via Dermal Contactwith SoiVSedimemt 

RistEaalion = C S X E F X E D X C F X A B S X A F X S A  
BW X AT 

SA 
AF 
EF 
ED 
cp 
BW 
AT 
A T  
ABS 
cs 

hrfaceareaofexposed skin 
Absorbtion facbr 
Exposure kequarcy 
Exposrreduraion 
Cbnverion fador 

Average time br carcinogens 
Average time br non-cartinogens 
Absorbtion facbr 
Cbncmtraion ofchemicalsin soil 

Bodywdght 

- mild 

2000 
csv 
64 
6 

E-06 
15 

25550 
2190 

csv 
CSV 

Compound ABS Cbncmtraion Units 

attimony 
arodor - 1254 
amdor - 1260 
arSflliC 

bmm(a)pyrme 
cadmium 
12-dichloroedxne 
magpeium 
maganese 
m-v 
silver 
23,78- tadd 
hichloroehene 
uranium-total 

wum 

1.E-02 
6.E-02 
6.E-02 
1.E-03 
1.E-02 
3.E-01 
l .E -02  
3.E-01 
1.E-02 
l .E -02  
5.E-02 
1.E-02 
3.E-02 
3.E-01 
1.E-02 

N A  

4.E+OO 
2 s - 0 2  

5.8E+OO 
6.S-01 
?.E-02 
6.E-01 

4AE+03 
8.E+02 
2.E-01 
l.E+OO 

7.S-04 
1.2E+o1 

E?!!!!l 

4138 

102 
12 

1.000E-06 
43 

25550 
4380 

csv 

csv 
csv 

adult 

5750 

40 

E-06 
70 

25550 
13870 

- 

CSV 

38 

csv 
csv 

senoir 
add t 

5750 an21day 

- 
csv (unidess) 
40 daydyear 
14 year 

E-06 k g h g  
70 43 

25550 day 
5110 day 
csv (unidess) 
CSV 

Cbmpound ABS Cbncmtraion Units 

N A  
N A  
NA 
N A  
N A  
NA 
N A  
N A  
N A  * 
NA 
NA 
N A  
N A  
N A  
NA 

I 

. .  

da 
(33 
P 
'9 

I 



Table E V A - 8 5  (continued) 
Summany of Risk QaaatiIatioa (chenials) 
Reference Reeptor: Dsvebped Pa& User 
Via Demal Contactwih SoillSediment 

bmpound 
intimony 

I HQ Calculation 
I I CDI I RfD I HQ. 

TLCR Calculation 
CDI CSF TLCR 

(mdkg-day) (rnp/kg-day)-' (uridessl 
5.3E-07 NA NA 

Compound 
antimony I 5.38-07 6.OE-05 8.9E-0 
a roclor 1254 
amclor-1260 
arsenic 
befliurn 
benm(a)pyrene 
cadmium 
1.2-dcblomethane 
magnes um 
manganese 
mercury 
silver 

tricblometkne 
uranium-total 

2.3.7.8- tcdd 

TOE-08 
A 
7.7E-08 
8.98-08 
8.OE-08 
8.OE-08 
A 
6.48-04 
l.lE-04 
1.4E-07 
2.58-07 
A 
3.OE-09 
1.6E-06 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

NA 
NA 

2.9E-04 
5.OE-03 

5.OE-05 

4.9E-01 
4.28-03 
4.58-05 

NA 

NA 

NA 
NA 

5.9E-03 
1.5E-04 

, NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

2.7E-04 
1.8E-05 

1.6E -03 

1.3E-03 
2.6E-02 
3.1E-03 

NA 

NA 

NA 
NA 

5.2E-07 
1.OE-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1 I I HQ Summation = 5.1 E - 02 

iroc1or-12~4 
imclor-1260 
inenic 
icflium 
ienm(a)pyrene 
admiurn 
.,2-dcblometkjne 
nagnes um 
nanganese 
nercury 
aver 
!,3,7.8 - tcdd 
ricbloroetkne 
innium - to tal 

l.OE+Ol 
l.OE+Ol 
1.8E+W 
4.3E+W 

NA 
NA 

NA 
NA 
NA 
NA 

1.OE-01 

3.OE+OS 
l.lE-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.OE - 07 

1.4E-07 
3.88-07 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.4E-11 

I 

ITER ~ummation = 7.38-07 



T d d e  H.V.1-86 
Summary of Risk Qnantitation (cLemials) 
Refewnce Receptor: Developed Park User 

Via Ingestion While W a d i 4  

Risk Ewa6on = CSXEFXEDXIR 
BWXAT 

IRsw Ingestion nteofsurbce water 
EP Expostrefrequency 
ED Expostreduration 
BW Bodywei@t 
AT Avenge time for cartinogens 
AT Avenge time fornon-canhogens 2190 
CS Concentration of dtemicalsin strface water csv 

a~anid Clmcmtntiionr 

Compound Concmtntioa Units 

antimony 
amdor-1254 
amdor-1260 
arsenic 

bmzo(apyren e 
Cadmium 
12-diddoroethane 
m a p d u r n  
manganese 
mercury 
silver 
23.1.8 - t d d  
tdchlomehene 
uranium-total 

b e r g h n  

Refermcec 

1.04E-04 

1.14E-03 
2388-05 
129E-08 

1.92E+01 
1.42E -01 
1.01E -03 

5.04E-04 

E?!& 

0.035 
52 
12 
43 

25550 
4380 

csv 

smoir 
add t - 

Wd ay 
d a w e a r  
years 
Lg 
days 

5110 days 
csv 



Table H.V.1-86 (amfimaed) 
Sommrry of Risk Qurmtita@om (chemiala) 
Reference Receptol: Devebped Park User 

Via Ingestion while Wadhg 

bmpund 
nli Imny 

HQ Calculation 
CDI RfD HQ 

(mdkg-day) (m&-day) (unitless) 
2.078-09 4.00E-04 5.17E-06 

mclor-1254 
mclor - 1260 
rsenic 
Seqllium 
Nenm(a)pyrene 
admium 
,2-dcHomethane 
nagDesi um 
nanganese 
nerury 
ilver 
1.3.7.8-tcdd 
ricHometkne 
iranium-total 

NA 
NA 
3.00E-04 
S.00E-03 

1.00E-03 

9.70E+00 
5.00E-03 
3.00E-04 
5.00E-03 

6.00E-03 
3.00E-03 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA , 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
7.5SE-05 
9.468-08 
NA 
NA 
NA 
3.938-05 
5.658-04 
6.69E-05 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.348-06 

I 

I HQ Snmmatioo = 7.SSE-01 

I TLCR Calculation 
I CDI I CSF I TLCR 

k m p u n d  
1ntimOny I2.07E-09 NA NA 

I (mn/kg-day)( (mp/kg-day)-' I (uitless) 

imclor-1254 
imclor- 1260 
irsenic 
ieflium 
ienm(a)pyrene 
rdmium 
l.2-dcHomethane 
nagnedum 
nanganese 
ne+ury 
h e r  
!.3,7.8 -tcdd 
ricblometbene 
rranium - to tal 

7E-08 
3E-10 
6E-13 

~ ~~ 

7.70E+00 
7.70E+00 
1.7SE+00 
4.30E+00 
7.30E+00 

9.10E - 02 
NA 

NA 
NA 
NA 
NA 
l.SOE+OS 
l.lOE-02 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
3.978-08 
2.03E-09 
1.87E- 12 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

ITIER Snmmation = 4.17E-08 



Riak Euoa6on 

Table KV.1-87 
Smmnury of Risk Quantitatiom (chemicals) 
Refsrence Receptor: Developed Park User 

Via Dermal Contact whib W8di.8 

EP Eqoslrefrequmcy 
ED Eqoslredunt ion 
BW Bodywei&t 
AT Average h e  for caninogms 
AT Avenge time fornon -camnogens 
SA Skinsurfacearea 
DA memicals ~ e d f i c d e m a l  absorbeddose 

EF X ED X D A  X SA 
B W X A T  

c f i i l d h  

52 
12 
43 

25550 
2190 4380 

5130 
CSV CSV 

DA Units 

antimony 
amdor- 1254 
amdor-1260 
arsenic 
beIyiUm 
knzo(a)pyrme 
Cadmium 
12-diddoroethanc 
m a g e i u m  
manganese 
m e n  ry 
silver 
2,3,7$-kdd 
tnchlomehene 
uranium-total 

1.04E-09 

1.14E-08 
238E-10 
7.29E-10 

192E -04 
1.428-06 
1.01E -08 

5.04E-09 

mg/cm2day 
mg/cm2-day 
mg/cm2-day 
mg/cm2-day 
mg/cm2-day 
mg/cm2-day 
mg/cm2-day 
mglcm2-day 
m g/cm2-day 
mg/cm2-day 
mg/cm2-day 
mg/cm2-day 
mglcm2-day 
mg/cm2-tiay 
mg/cm2-day 
mg/cm2-day 

Rdermces 

smoir - -  adult adult 

daydyear 
yea IX 
c 
days 

an’ 
13870 5llOdays 

C N  CSV 

Cbmpound DA units 

mg/an2-day 
mg/cm’-ciay 
mg/cm’day 
m g/cm2-d ay 
mg/cm’-ciay 
mg/cm’-ciay 
mg/cml-day 
m g/cm’-d ay 
mg/cm2-day 
mg/cm2-day 
mdcm2+ay 
mg/cm2-ciay 
mg/cm2-day 
mg/cm2-day 
mg/cm2-day 



Table H.V.1-87 ( m ~ t i ~ d )  
Summary of Risk QuaBtitatio8 (chenia!e) 
Reference Receptor: Developed P a t  User 

>ompound 
inhtmny 

HQCalculation 
CDI RID HQ 

[ mrJk - day) [ m d k  - day) [ u i  d ess ' 
3.03E-09 6.00E-05 5.OSE-O! 

imc~or - 1254 
imclor - 1260 
irsenic 
ieqllium 
iem(a)meac  
admium 
L.2-dcYomethane 
nagacdum 
nangnese 
nepcury 
Bver 
!.3,7,8 - tcdd 
ricblometkne 
innium -total 

NA 
NA 
2.85E-04 
5.00E-03 

5.00E-OS 

4.85E-01 
4.20E-03 
4.50E-OS 

NA 

NA 

NA 
NA 
5.88E-03 
1 .SOE -04 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
1.17E-04 
1.39E-07 
NA 
NA 
NA 
1.15E-O? 
9.85E-04 
6.54E-M 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

9.798-0: 

I HQ Summation = 3.068-03 

I aniitmny 13.038-09 
amclor-1254 
emclor- 1260 
arsenic 
beflium 
benao(a)meac 
cadmium 
1.2-dctlometkine 
magacsum 
manganese 
mepcury 
silver 

tricblometkne 
unnium-total 

2.3.7.8-t~dd 

NA 
1.03E+01 
1.03E+01 
1.84E+00 
4.30E+W 
NA 
NA 

NA 
NA 
NA 
NA 

1.01E-01 

3.00E + OS 
1.12E - 02 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
6.12E-0( 
2.98E-05 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I I ITER Summation = 6.428 - oa 



6 3 4 9  

Xisk Equation 

IRsw 
EF 
ED 
c s  

Table H.V.1-88 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: Developed Park User 
Via Incidental Ingestion while Wading 

= CSXEFXEDXIRsw 

Ingestionrate of suface wata 
Exposure hequency 
Exposure duration 
Concentration of radionuclides insurface water 

R??26+8d 3.5E-01 

SriO+ld 21E+00 
%222 

TCPP 
w30 3.1E-03 
%X+lOd 1.7E-04 
uZ3X?36 7.5E-03 
uzJ8+2d 9.OE - 0 1 

pcin 
pcin 
pcin 
pcin 
pcin 
pcin 
pcin 
pcin 
pcin 
pcin 

child - 

CSV 

youth 

0.035 
52 
12 

CSV 

pcin 
pcin 
pcin 
pcin 
pCM 
pcin 
pcin 
pcin 
pcin 
pcin 

adult - 

csv 

senoir 
adult - 

Wday 
daysbar 
Years 

CSV 

CDI CSF TLCR 
.adionuclides (pCi) (pCi)-' (unitless) 

7.7E+00 
NA 

NA 
4.5E+01 

6.7E-02 
3.6E - 03 
1.6E-01 
20E+Ol 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.8E- 10 
1.4E- 12 
3.6E- 11 
1.3E- 12 
1.3E- 11 
1.7E- 10 
1.6E- 11 
2OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.OE-09 
NA 

NA 
1.6E - 09 

8.7E- 13 
6.2E- 13 
2.6E- 12 
3.9E- 10 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

8.OE-09 - I TLCR Summation - 



Table H.V.1- 89 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: Developed Park User 
Via External Radiation 

Zxposure Equation = [CRXEFXEDXET,X(l -SHJ]+[CRXEFXEDXEqX( 

c h i l d y o u t h @  

EF Fraction of year spent apceured 0. ia 0.28 0.11 
ED Exposure duration 6 12 38 

SH, Shield factor indoors 0.5 0.5 0.5 

Radionuclide specific concentrations csv csv csv 

ET. Fraction of day spent outdoors 0.17 0.17 0.17 
ET1 Fraction of day spent indous NA NA NA 

Shield factor outdoors 

-SHI)] 

senou 
adult - 
0.11 (unitless) 

0.08 (unitless) 
NA NA 
0.5 (unitless) 

(unitless) 

14 years 

csv 

%26+8d 1.6E+00 pCVg 
R%22 NA P W  

Tcpp 2%-01 pc ig  
%90+ld 332-01 pCig 

%a 21E+00 pCVg 
%P+lOd l.lE+W pCVg 

u238+2d 3.9E+00 pCVg 
u2Ef23S 7.1E-02 pCVg 

NA PCVI3 
NA PCVa 

CDI CSF TLCR 
Radionuclides (year pCilg) (n/pci-year)-' (unitless) 

R?126+8d 

SrSO+ld 
R n ,  

Tcpp 
%a 

u2Js+2d 

%P+lOd 
u2JKuS 

25E+00 
NA 

5.9E-01 
4.OE-01 
3.4E+00 
1.8E+W 
1.1E-01 
6.1E+00 

NA 
NA 
NA I 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.OE-06 
1.2E-09 

6.OE- 13 
5.4E- 11 

24E-07 
5.1E-08 

NA 

a.5~-06 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.5E-05 
NA 
NA 

24E- 13 
1.8E- 10 
1.5E-OS 
27E-08 
3.1E-07 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

L 

3.lE-05 - I TUlR Summation - 



IR 
ET 
EP 
ED 
ma 
AT 
A n  
cs 

XED- 
BW X AT 

Inhalationrate d gscs 
Exposure time 
expmvre frqucncy 
Exporure dum tion 
Body weight (adult) 
Average time for s r c h g c n s  
Avrrap time for om-carcinogens (ad&) 
Concentration of chemicals io particuhteas modeled 

Table lI.V.l-90 
Summary o f  R k t  Quadilation (chemic&) 
Reference Recefior: Wildlife Reserve &a 

Via Inhalation o f  Puticulatcs 

rhils 

0.83 
1 

26 
6 

15 
25550 
2 190 

a v  

Compound Concentration Units 

antimony 

ardor-lZ6O 
anenic 
bcryilium 
bcnm(a)pyrcnc 
sdmium 
1.2 - didoroctha 
magnesium 
manganese 
mercury 
r i l u x  
2.3.7.8- tcdd 
trichlaocthcnc 
uranium- total 

a r d o r -  a 5 4  

ne 

2.0E-09 
1.6E- 11 

3.2E-09 
3.SE-10 
1.m-11 
3.OE- 10 

1.8E-06 
4.SE-01 
1.SE-10 
l . lE-09  

4.m-13 
l . lE-08  

Y Q d I  

0.83 
2 

39 
12 
43 

25550 
4380 

CSV 

iddt 

0.83 
2 
s2 
38 
70 

25550 
l3870 

a v  

scnoir 
iddt 

0.83 m 3 h 0 ~  
1 bour/day 

26 dayr3rca: 
14 ycan 
70 kg 

2ssY) days 
5110 Lys 

a v  

Compound CoDccntntion Units 



Table H.V.1-90 ( a o m C m m e d \  

HQ Calculation 
I CDI 

Imclor-1254 
Imclor-1260 
IrSeniC 
ied ium 
ienao(a)pyrene 
.admiurn 
.,2-bcHometbne 
nagnesium 
nanganese 
nercury 
aver 
!,3,7.8-ledd 
richlometkne 
rranium-total 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.9E-03 

1.4E - OS 
8.6E - OS 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
9.SE-OS 
5.3E-09 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I I HQ Summation = 9.5E-OS 

I TLCR Calculation 
I CDI I CSF I TLCR 

Compound 
antinnny I 6.2E-12 NA NA 

I (mdk-day)I (rn&-day)-* I (uudess 

amc~or 1254 
amclor-1260 
arsenic 
bddium 
benm(a)pyrene 
cadmium 
l.?-bcUome~bne 
magnesium 
manganese 
mercury 
silver 
2.3.7.8-tcdd 
tricldometkne 
uranium - to tal 

8E-14 

6E-12 
1E-12 
4E-14 
2E-13 

6E-09 
4E-09 
5E-13 
4E-12 

3E-15 
3E-11 

NA 
NA 

l.SE+Ol 
8.4E+00 
6.1E+00 
6.3E+00 
9.1E-02 

NA 
NA 
NA 
NA 

1 .SE+ 05 
6.OE-03 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

1.4E-11 
8.9E-1: 
2.1E-1: 
5.8E-1: 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

8.1E-ll 

I T I E R  Summation = l.6E-ll 



[ntake Equation 

Summary of Risk Q&titation(radionuclides) 
Reference Receptor: Wildlife Reserve User 
Via Inkalation of Gases and Particulates 

= CAXEFXEDXIRXET 

IR Inhalation rate of gases ’ 

ED Exposure duration 
ET Exposure time 
EF Exposure frequency 
CA Conamration of radionuclides in air 

8.2E-07 
l.lE+Ol 

1.4E-07 
19E-07 

13E-06 
6.OE-07 

36E-06 
4.7E-08 

083 
6 
1 

26 
csv 

pcim’ 
pcim’ 
pcim’ 
pcim’ 
pciim’ 
pcirn’ 
pcim’ 
pcim’ 
pcim’ 
pcim’ 

y o u t h @  

083 083 
12 38 
2 2 

39 52 
csv CSV 

pcim’ 
pCim3 
pcim’ 
pcim’ 
pCim3 
pcim’ 
pcim’ 
pcim’ 
pCim3 
pCi/m’ 

senoir 
adult - 
083 m’hour 

14 years 
1 hour/day 

26 dayslyear 
csv 

CDI CSP TLCR 
Ladionuclides (pCi) (pCi)-’ (unitlesa) 

3.7E-03 
5.1E+04 

6.2E-04 

2.7E-03 
2.1E-04 
ME-02 

838-04 

56E-03 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.OE-09 
73E-13 
6.2E-11 
83E-12 
29E-08 
l.lE-07 
25E-08 
2.4E-08 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

26E-11 

5.2E-14 
5.1E-15 
16E-10 
30E- 10 
5.2E-12 
38E-10 

3.7E-08 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

38E-08 - I TLCR Summation - 



hhb Earntion 

IR 
EF 
ED 
CF 
AT 
AT 
BW 
cs 

= CSXEFXEDXCFXIR 
BW X AT 

Inpstion rate dsoil 

Exposure duration 
Con~rsion factor 
A w n p  lh forcarcinogas 
A w a p  h fornon-tarcimgxu 
Body weight 
Conanhation of chemicals in soil 

Exposlre W ~ o C y  

Table II.V.1-92 
Summary of Intake Quantitation (chemic&) 

Reference Receptor: Wildlife Rarerve User 
Via Incidental Ingestion of SoiVSediment 

Compound Conteam tion Unib 

antimony 
ardor-1254 
ardor-1260 
arsenic 
beryuium 
t-o(a)pyle= 

magaesium 

cadmium 
l.2-dichbroe tban 

manglese 
ErcllrY 
siher 
23.78 - tcdd 
hichloroethene 
unnium-toa1 

References 

12 
1 
6 

lE -06 
25550 
2 w )  
Is 

C N  

l3 
39 
12 

E-06 
25550 
4360 

43 
ebv 

l3 
52 
38 

lE-06 
25550 
u8-m 

-m 
ebv 

6 m@Y 
1 days/)ear 
14 )ear 

lE-06 kghg 
25550 day 
5110 day 

-mLg 
CN 



Table H.V.l-92 (continued) 
Summary of Risk Qnrntitrtiom (chemicals) 

Reference Receptor: Wildlife Reservc User 
Via Incidental Ingestion of SoiVScdimcnt 

Compound 
antimony 
aroclm - 1254 
aroclm - 1260 
arsenic 
bayllium 
beteo(a)pyrene 
cadmium 
12-dichlmoet hane 
magnesium 
manganae 
mercury 
silver 

trichluoethene 
uranium-total 

2.3.7.8-tcdd 

I HQ Calculd ion 
I CDI I RfD I HQ I (mgkg-day) I (mgkg-day) I (unitla) 
I 1.OE-07 4.E-04 2.6E-04 

NA 
NA 
3.E-04 
5.E-03 

l.E-03 

9.lE+OO 
1.4E-01 
3.E-04 
5.OE-03 

6.E-03 
3.OE-03 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

5.OE-04 
3.4E-06 

1.5E-05 

1.3E-05 
1.m-04 
1.8E-05 
9.6E-06 

NA 

NA 

NA 
3.3E-09 
1.OE-04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I HQ Summtioo = 1.1E -03 

I 'ZLCR Calculdion 
I I CDI I CSF I 'ILCR 
Compound 
antimonv I 1.E-07 NA NA 

I (mgkg-day)l (mgkg-day)-' 1 (unitless) 

~ O C I ~  - 1254 
U O C ~  - E60 
arsenic 
bayllium 
bemo(a)pyrene 
cadmium 
12-dichlmod hane 
magnaium 
mangancse 
macury 
silva 

trichluoethene 
uranium-total 

2.3.1.8-tcdd 

7.7E+OO 
7.lE+00 
1.8E+00 
4.3E+00 
7.3E+00 

NA 

NA 
NA 
NA 
NA 

9.1E-02 

1.5E+os 
1.1E-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.9E-09 

2.6E-01 
7.48-08 
3.8E-09 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.E-13 

I I I l L C R  Summtinn = 3.4E-01 



M a k c  E q u a t i o n  

IR 
EF 
ED 
FI 
cs 

Table ILV.1-93 
Summaq of Risk mantitation (radionuclides) 

Reference Receptor: Wildlife Reserve User 
Via Incidental Ingestion of Soil/Sediment 

= .  CSXEFXEDXFIXIR 

Ingestion rate of soil 
Exposure frequency 
Exposure duration 
Fractional Intake 
Concentration of chemicals in soil 

1.6E-03 pCimg 
pCimg 

3.7E-04 pCimg 
2.35-04 pCimg 
2.1E-03 pCimg 
l.lE-03 pCimg 
7.1E-05 pCimg 
3.98-03 pCimg '  

pCimg 
pCimg 

c h i l d - *  
12 13 13 
26 39 52 
6 12 38 
1 1 1 

csv CSV CSV 

senoir 
adult - 

6 mg/day 
26 dayslyear 
14 year 
1 (unitless) 

csv 

pCimg 
pCimg 
pCimg 
pCimg 
pCi/mg 
pCimg 
pCimg 
pCi/mg 
pCilmg 
pCi/mg 

CDI CSP TLCR 
Radionucl ides  (pCi) (pCi)-' (unitless) 

5.7E-05 7.8E- 10 4.5E- 14 

1.3E-05 3.6E-11 4.8E- 16 
9.OE-06 1.3E- 12 1.2E- 17 
7.7E-05 1.3E-11 1.OE- 15 
4.OE-05 1.7E- 10 6.8E- 15 
2.5E-06 1.6E-11 4.OE- 17 

UZT(I+Zd 1.4E-04 2.OE-11 2.8E- 15 

I 

NA 
R%+8d 
Rn222 

T%9 
-%?o 
w w +  1od 
uwm 

NA 1.4E- 12 
sr90 + Id 

NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 

5.6E- 14 - I m R  Summat ion  - 



Inhk Emation 

SA 
AF 
F.F 
ED 
CF 
BW 
AT 
AT 
ABS 
cs 

Table H.V.1-94 
Summary of Risk Quamtimioa (chsniuls) 
Refemnee Receptor: Wildlife Reserve Uwr 
Via Dermal Contactwith SoiUSediment 

= CSXEFXEDXCFXABSXAFXSA 
BW X AT 

Brfaceareaofexposed skin 
Absorbtion facbr 

Exposure duraion 
Cbnvenion fador 

Average lime br cardnogens 
Averagehe b r  non-cardnogens 
AbsorbCon facbr 
Cbncentraion ofchemicalsin soil 

f=lu=Y 

Bodyweigpt 

- child 

2000 

26 
csv 

6 
E-06 

15 
25550 
2190 

csv 
CSV 

Cl~an id  Cbacmtntioas 

B m w u n d  ABS Bncmtraion Units 

mtimony 
arodor - 1254 
arodor-1260 
&C 

bmm(a)pyrme 
C a d m i U m  
12-dichlome&me 
magpeium 
miaganese 
m-ry 
silver 
23.76- t d d  
trichlornehene 
UrSRliUm-lOtdl 

w= 

L E - 0 2  
6.E-02 
6.E-02 
1.E-03 
1.E-02 
3.E-01 
1.E-02 
3.E-01 
1.E-02 
1.E-02 
5.E-02 
1.E-02 
3.E-02 
3.E-01 
l .E -02  

NA 

4.E+Oo 
2 s - 0 2  

5.8E+Oo 
6.6E-01 
2.E-02 
6.E-01 

4.8E+03 
8.E+02 
2.E-01 
lS.E+Oo 

7.G-04 
l . Z E + O l  

& 

4138 

39 
12 

1.0a)E-06 
43 

25550 
4380 

csv 

csv 
csv 

- adult 

5750 

52 
38 

E-06 
70 

25550 
13870 

CSV 

CSV 

csv 

smoir - adult 

5750 an 2/d ay 
csv (uniUw) 
26 daydyear 
14 year 

~ - 0 6  Irg/mg 
70 Lg 

25550 day 
5110 day 

cw (uniUe5.5) 
csv 

Cbmrmund ABS Cbncmtraion Units 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 



Table H.V.1-94 (amtinmed) 
Summary of Risk aantihtiorn (denials) 
Rebrenm Receptor: Wildlib Reserve User 

Via Dermal Corntactwith SoiVSsdimernt 

HQCalculation 
CDI RfD HQ 

Compund (mdk-day) [mdk-day) [uridessl 
anfimny 4.OE-07 6.OE-OS 6.78-03 
amc~or i 1254 
amclor-1260 
arsenic . 
beqlliurn 
bem(a)pyrene 
:admiurn 
1.2-dcYomethne 
magnesium 
manganese 
mercury 
silver 
2,3,7,8-tCdd 
tncblometkne 
uranium-total 

1.SE-08 
A 
5.8E-08 
6.7E-08 
6.lE-08 
6.OE-08 
A 
4.88-04 
8.2E-05 
l.lE-07 
1.9E-07 
A 
2.3E-09 
1.2E-06 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

NA 
NA 

2.98-04 
S.OE - 03 

S.OE-OS 

4.9E-01 
4.28-03 
4.SE-05 

NA 

NA 

NA 
NA 

5.98-03 
1.SE-04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

2.OE-04 
1.3E-OS 

NA 

NA 
1.2E-03 

9.98-04 
2.OE-02 
2.38-03 

NA 
NA 

3.98-07 
7.88-03 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 

I HQ Snmnution = 3.9E-02 

TLCR Calculation 
CDI CSF TLCR 

k m p u n d  [rndk-day) (mrJk-day)-' [umdesr 
intimny 4.OE-07 NA NA 
imc~or-1254 
imclor-1260 
irsenic 
ieqlliurn 
lem(a)pyrene 
:admiurn 
1.2-dctlomethne 
nagresum 
nanganere 
nerury 
aver 
!.3,7.8-tcdd 
ricblo me t k n e  
iranium-total 

1 .OE+ 01 
1 .OE + 01 
1.8E+00 
4.3E+00 

NA 
NA 

NA 
NA 
NA 
NA 

1.OE-01 

3.OE+OS 
1.1E-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.SE-0 

1.1E-0 
2.9E-0 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.6E- 1 

I ITER Snmmation = SSE-0 



Table H.V.l-95 
!hmrmry of Risk Quantitltiom (chemicals) 
Reference Receptor: Wildlife Resesns User 

Via Ingestion While W a d i 4  

= CSXEFXEDXIR 
BW X AT 

IRsw Ingestion nteofsurhcewater 

ED Eaposcreduration 
BW Bodywei&t 
AT Average h e  for cardnogens 
AT , Avenge time Eornon-car&ogens 
CS Qincentrationof memicalsin scrfacewater 

EF EapO~refregUency 

* a  
0.035 

52 
12 
43 

25550 
2190 4380 

csv csv 

Compouod Concartration Units 

antimony 
amdor-1254 
amdor-1260 
a d c  
beflum 
bmzo(abyrme 
cadmium 
13-didoroeb 
m a g e i u m  
manganese 
menury 
silver 
21.7.8-cdd 
tdchlomebene 
uranium-btd 

ane 

1.04E-04 

1.14E-03 
238E-05 
129E-08 

1.92E+01 
1.42E-01 
1.01E-03 

5.04E-04 

References 

smoir 
adult adult - -  

Uday 
daysiyear 
years 
Lg 
days 

13870 5110days 
CSV csv 

I 



Table H.V.1-95 ( c o B C ~ U ~ )  
Summary of Risk Q~indilatiOn (denials) 
Rebrenae Receptoc Wildlib Reserve User 

Via Ingestion While Wading 

HQ Calculation 
CDI RfD HQ 

kmpound (mglkg-day) [mglkg-day) (unitless1 
2.07E-09 4.00E-04 5.17E-06 intimny 

Lmclor - 1254 
imclor-1260 
irsenic 
jeflium 
jenao(a)wene 
:admiurn 
L,2-dcHometlrane 
nagnesium 
nanganese 
nercury 
dver 
1.3.7.8-lcdd 
richlomethene 
mnium-total 

E-08 
E-10 
E-I3 

E-04 
E-06 
E-08 

E-08 

NA 
NA 
3.00E-04 
5.00E-03 

1.00E - 03 

9.70E+00 
5.00E-03 
3.00E-04 
5.00E - 03 

6.00E-03 
3.00E-03 

NA 

NA 

NA 

NA 
NA 
NA 
NA * 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
7.55E-OS 
9.46E-08 

NA 
NA 
NA 
3.938-05 
5.65E-04 
6.69E-05 

NA 
NA 
NA 

NA 
NA 
NA 
NA ' 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.34E-06 

Compound 
antimony 
amclor-1254 
amclor-1260 
arsenic 
beqllium 
bem(a)p)l.ene 
cadmium 
1.2-dcHomethane 
magnesium 
manganese 
mercury 
silver 

trichiomethene 
2,3,7,8 - tcdd 

uranium - total 

I 
I HQ Summation = 7.55E - 04 

TLCR Calculation 
CDI I CSP I TLCR 

Jmp/h-day)l (mrJk-day)-L I [unidess; 
2.07E-09 NA NA 

2.27E-08 
4.73E-10 
2.56E-13 
i A  

i A  
i A  
i A  
i A  

i A  
i A  
i A  
i A  
i A  
i A  
i A  
i A  
i A  
i A  
i A  
i A  
i A  
i A  
i A  
i A  
i A  

7.70E+00 
7.70E+00 
1.75E+00 
4.30E+00 
7.30E+00 

NA 

NA 
NA 
NA 
NA 

9.10E - 02 

1.50E+05 
l.lOE-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
3.978-08 
2.03E-05 
1.87E-12 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

TIER Summation = 4.17E-0( 



Lhhc Ijpuatim 

EF 
E D  
BW 
AT 
AT 
SA 
DA 

Table H.V.1-96 
Summary of Risk Quantitatios (chemiuls) 
Reference Receptor: Wildlife Rem= Usel 

Via Dermal Contact While Wadis8 

EP X ED X DA X SA 
BW X AT 

f q U Q C y  
Eapomreduntion . 

Avenge lime forcaninogms 
Avenge lime fornon -cardnogens 
Skin surface area 
memicab rpeci6cdemd absorbeddose 

Bodyweigbt 

52 
12 
43 

25550 
2190 4380 

5130 
csv csv 

‘Cbmpound DA Uni IS 

antimony 
amdor- 1254 
amdor-1260 
arsenic 

bmzo(abym e 
cadmium 
12-diddoroehane 
magresum 
manganese 
menury 
silver 
23.7.8-tdd 
trichlomehene 
UraniUKU-btal  

berylium 

1.04E-09 

1.14E-OS 
238E-10 
7.298-10 

1.92E-04 
1.42E-06 
1.01E-08 

5.048-09 

mg/cm2-day 
mg/cm2-day 
mg/cm2-day 
mg/cm2-d ay 
mg/cm2-day 
mg/cm2-day 
mg/cm2-day 
mg/cm2-day 
mg/cm2-day 
m g/cm -d a y 
mglcm2-day 
mg/cm2-d ay 
mg/cm2-day 
mg/cm2-day 
mg/cm2-day 
mg/cm2-day 

Referm ces 

senoir 
adult - 

d a w e a r  
yean 
Lg 
days 

an2  
13870 51lOdays 

csv csv 

Cbmpouad DA units 

mg/cm2-day 
m g/cm2day 
mg/cm2day 
mg/cm2day 
m g /cm2d  ay 
mg/cm2-ciay 
mg/cm2-ciay 
mg/cm’day 
m g/cm’d ay 
m dcm2-ci ay 
mg/cm2-ciay 
m g/cm2-ci ay 
m g/cm2-d ay 
mg/cm2-ciay 
mg/cm’-day 



HQ Calculation 
CDI RfD HQ 

bornpound (mdkg-day) [m&-day) (uritlessl 
intimony 3.03E-09 6.00E-OS 5.OSE-OS 
~mclor-1254 
imclor-1260 
lrseniC 
ieqllium 
ienm(a)wene 
:admiurn 
L.2-dcldometbane 
nagnesium 
nanpnese 
nercury 
aver 

.richloroetbene 
iranium-total 

!.3,7,8 - tcdd 

TLCR Calculation 
CDI CSP TLCR 

Compound [mdkg-day) [mdkg-day)-' [udtlessl 
antimony 3.03E-09 NA NA 

NA 
NA 
2.8SE-04 
5.00E-03 

5.OOE-OS 

4.8SE-01 
4.20E - 03 
4.50E-OS 

NA 

NA 

NA 
NA 
5.88E - 03 
1.SOE-04 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA. 
NA 
NA 
NA 
NA 
NA 

I HQ Snmmation = 3.068-03 

NA 
NA 
1.17E - 04 
1.39E-07 
NA 
NA 
NA 
1.lSE-03 
9.8SE-04 
6.548-04 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

9.79E-05 

1 
ITLCR Snmmation = 6.42E-08 

amclor-1254 
amclor- 1260 
arsenic 
beqllium 
benm(a)pyreoe 
cadmium 
1.2-dcldomethane 
magnesium 
manganese 
mercury 
silver 
2.3.7.8-t~dd 
tricblometbene 
uranium - total 

2E-08 
3E-10 
2E-09 

9E-04 
4E-06 
4E-08 

7E-08 

1.03E + 01 
1.03E+01 
1.84E+00 
4.30E+00 
NA 
NA 

NA 
NA 
NA 
NA 

1.01E-01 

3.00E+05 
1.12E-0'2 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

K I 
6.12E-08 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.988-09 



intake Equation 

msw 
EF 
ED 
c s  

Table H.V.1-97 
Summary o f  Risk Quantitation (radionuclides) 

Reference Receptor: Wildlife Reserve User 
Via Incidental Ingestion while Wading 

= CSXEFXEDXIRsw 

Ingestionrate of svfacewata 
Exposure bequency 
Exposure duration 
Concenhation of radionuclides insurface wata 

3.5E-01 pCin 
pcin 

21E+00 pCin 
pcin 

1.7E-04 p c i  

pcin 
p C i  

3.1E-03 pCVI 

7.5E-03 p C i  
9.OE-01 p C i  

csv 

youth 

0.035 
52 
12 
csv 

pcin 
pcin 
p C i  
p C i  
p C i  
p C i  
pcin 
p C i  
P C i  
pcin 

csv 

senoir 
adult - 

ladionuclides (pCi) (unitless) 

7.7E+00 

4.5E+01 

6.7E - 02 
3.6E - 03 
1.6E-01 

NA 

NA 

2.OE + 0 1 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.8E- 10 
1.4E- 12 
3.6E- 11 
1.3E- 12 
1.3E- 11 
1.7E- 10 
1.6E- 11 
20E- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.OE-09 
NA 

NA 
1.6E-09 

8.7E- 13 
6.2E- 13 
2.6E- 12 
3.9E- 10 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

8.OE-09 - I TLCR Summation - 



. .  

Table H.V.1-98 
Summary of Risk Quaatitation (radionuclides) 

Reference Receptor: Wildlife Reserve User 
Via External Radiation 

hposurc Equation = [CRXEFXEDX ET,X(l-SHJ]+[CRX EFX EDXETiX(1-SHi)J 

senoh 
- child youth 

EF Fraction of year spent apoaured 0.07 0.11 0.14 0.07 (unitless) 
ED Exposure duration 6 12 38 14 years 

Fraction of day spent outdoors 0.04 0.08 0.08 0.04 (unitless) 
ET1 Fraction of day spent indocrs NA NA NA NA NA 
SHi Shield factor indoors 0.5 0.5 0.5 0.5 (unitless) 

Shield factor outdoors (unitless) 
CR 

ET0 

Radionuclide specific concentrations csv csv CN CN 
SH, 

1.6E+00 pCVg 
NA PCi43 

3.7E-01 pCVg 
25E-01 pCVg 
21E+00 pCig 
l.lE+00 pCig 

3.9E+00 pCig 
NA PcUg 
NA PCilB 

7.lE-02 pCig 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

CDI CSF TLCR 
tadionuclidas (year pCi/g) (g/pCi-year)-' (unitless) 

R??26+8d 

SrSO+ld 
R n ,  

Tcpp 
%XI 

"23+2d 

%S+lOd 
u23sru6 

9.4E-01 

22E-01 
1 s - 0 1  
1.3E+00 
6.B-01 
4.1E-02 
23E+00 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.OE-06 
1.2E- 09 

6.OE- 13 
5.4E- 11 
8.B-06 
24E-07 
5.1E-08 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.6E-06 
NA 
NA 

8.8E- 14 
6.8E- 11 
5.E-06 
9.9E - 09 
1.2E-07 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

ITLCR Summation - - l.lE-05 



Table H.V. 1-99 
Summary of Risk Quaditation ( cbcmhh)  
Reference Receptcr: Jhpandcd Trapuru 

Via Inhalation of Particulates 

CSXEF XEDX IRXET 
BW X AT 

- RiskEqzmticm - 

Inhalation rate dgales 
Exposue time (adult) 
Exposure frpquerrcy (adult) 
Exposure thuation (adult) 
Bodyweight (adult) 
A w r a ~  time forcarcinogm 
Awrage tine fornon-srcinoFns(adult) 
Co~nhationofckmicalrinpartic~teasmodekd 

antimony 
’ ardor-1254 

ardor-1260 
arsenic 
teryilium 
bE-J@)pyle= 
Ladmium 
L2-dichbraehm 
magcesium 
lnaDgaIES 

==lny 
silver 
23.18-tcdd 
trichloroethene 
UlaniUm-tOtd 

References 

2OE-09 
1.6E-11 

3.2E-09 
3.E-10 
l .E-11  
3.m-10 

LEE-06 
4.E-07 
1.E-10 
1.E-09 

4.4E- 13 
1.E-08 

y o u t h u  

0.83 0.83 m’1l10ur 
2 1 hodday 

110 40 da*ar 

43 ’Io@ 
25550 2555odays 
4380 11680 days 

12 32 Year 

CSV C N  



bmpound 

imdor-1254 
imclor-1260 
IrseniC 
,eqAium 
,enao(a)wene 
:admiurn 
1.2-dcHomethane 
nagnesi um 
nanganese 
nercury 
#fiver 
!.3,7,8- tcdd 
ricHometkne 
rranium-total 

1n6mOny 
Compound 
an6rmny 

HQ Calculation 
CDI RfD HQ 

(mp/k-dav) (mdk-day) [witless: 
2.OE-12 NA NA 

TLCR Calculation 
CDI CSP TLCR 

(mdk-dav) [mp/k-dav)-' fundess' 
5.2E-12 NA NA 

1.5E-14 
JA 
3.1E-12 
3.4E-13 
l.lE-14 
2.9E-13 

1.8E-09 
4.3E-10 
1.4E-13 
1.1E-12 

4.3E-16 
1.OE-11 

JA 

JA 

JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.9E-03 

1.4E-OS 
8.68-05 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
3.OE-OS 
1.7E-09 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

HQ Summation = 3.OE-05 

amc~or 1254 
amclor- 1260 
arsenic 
beqAium 
benao(a)Mene 
cadmium 
l,l-dcUomethane 
magnesium 
manganese 
mercury 
silver 

t r idometkne  
uranium - to tal 

2,3,7.8 - tcdd 

1E-14 

2E-12 
OE-13 
9E-14 
8E-13 

8E-09 
2E-09 
8E-13 
9E-12 

1E-15 
8E-11 

NA 
NA 

l.SE+Ol 
8.4E+W 
6.1E+W 
6.3E+W 
9.1E-02 

NA 
NA 
NA 
NA 

1.5E + 05 
6.OE-03 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

1.2E-IC 
7.5E-12 
1.8E-13 
4.9E-12 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.98-18 

I I 
ITLCR Summation = 1.4E-10 



6349  

I 

Risk Equation 

IR 
EFa 
EDa 
ETa 
CA 

Summary of Risk Quantitation (radionuclides) 
Reference Receptor: Expanded Trespasser 
Via Inhalation of Gases and Particulates 

= C A X E F X E D X I R X E T  

Inhalation rate of gases 
Exposure frequency (adult) 
Exposure duration 
Exposure time (adult) 
Concentration of radionuclides in air 

8.2E-07 
l.lE+Ol 
1.9E-07 
1.4E - 07 
1.3E-06 
6.OE-07 
4.7E-08 
3.6E-M 

youth 

0.83 
110 
12 

2 
csv 

adult - 
0.83 rn'hour 
40 dayslyear 
32 Year 

1 hodday 
csv (see table below) 

pwm' 
P W d  
pwm' 
pwd 
P W d  
pwd 
pwm' 
Pad 
P a d  
P W d  

CDI CSF TLCR 
.adionuclides (Pa) (pa)-' (unitless) 

2.7E-03 
3.7E+04 
6.1E-04 
4.5E-04 
4.1E-U3 
2.OE-03 
1.5E-04 
1.2E-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.OE-09 
7.3E- 13 
6.2E- 11 
8.3E- 12 
2.9E-OB 
l.lE-07 
2.5E-OB 
2.48-08 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.9E-11 
2.78-08 
3.8E- 14 
3.7E- 15 
1.2E- 10 
2.2E- 10 
3.8E- 12 
2.8E- 10 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.7E-08 - I TLCR Summation - 



1Ra 
CP 
EW 
EDa 
BWs 
AT 
All3 
cs 

XCP ZUB 
BW X AT 

Ingestion rate of roil (adult) 
Conversion hcmr 
Exposure frequency (adult) 
Exposure duntion (adult) 
Body wcight(adult) 
A v t n p  time for srcimgenr 
Average time for om-carcinogens (adub) 
Cooccntntion of chemicals in roil 

Table H.V.1-101 
Summary of R s k  Quaaitdioa (&cni&) 
Rcfaencc Rccepor: Expandcd lkopassa 
Via Incidental Ingestion of SoiUScdiied 

Compourd Cooccntn tion Units 

antimony 4.OEMO mg/lrg 
a r d o r -  US4 2.58-02 m%lrl4 
ardor-l26O m o l 4  
a rrcnic S.BEM0 m w ’ b  
beryllium 6.6E-01 m%lre 
benzo(a)pyrrnc 2.0E-02 me/Ls 
sdmium 6.0E-01 mdLi3 
1.2-didoroctl~ ne m%lrs 
magnesium 4.8EM3 m i t h  
manganese 8.1EM2 men;s 

ril\cr 1.8EM0 w%l 
2,3,7,8 - rcdd m o t !  
tricblarocthcnc 7.6E-04 m%lrg 
uranium-t&l 1.2EM1 m%lre 

mg/Lg 

mercury 2.1E-01 m%lr8 

r p l l r h u l ! &  

l2.5 l 2Sm@&y 
1.WE-06 1.WE-06 kglm8 

110 40 L W r  
l2 32 Y a r  
43 70 k8 

2ssY) 2ssSo days 
4380 11680 days 

a v  CSV 



Table H.V. l-lOl(continucd) 
Smmmrry of Risk Qmamtitatiom (ckanicrls) 
Rcfercnce Rcccptor: Expanded Trcspasser 
Via Incidental ingestion of SoiVScdimcnt 

Compound 
antimony 
arocla - 1254 

Compound 
antimony 
arocla - 1254 
arocla - 1260 
arsenic 
bayllium 
benzo(a)pyrene 
cadmium 
12-dichlcroet hane 
magnsium 
manganae 
mercury 
silva 

trichlmoethene 
2.3.7.8-tcdd , 

(mgkg-day)l (mgkg-day)-l I (unitla) 
9 s - 0 8  NA NA 
5.9E-10 7.7E+00 

uranium -total 

HQ Calcula im 
CDI I RfD I HQ 

fmgkg-day) I (mgkg-day) I (unitless) 
1.5E-07 4.m-04 3.8E-04 
9.4E- 10 

22E-07 
2 s - 0 8  
7.6E-10 
2.3E-08 

1.8E-04 
3.1E-05 
8.OE-09 
7.OE-08 

2.9E-11 
4.4E-07 

IA 

IA 

IA 

IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
M 
IA 
IA 
IA 
IA 
IA 
IA 
JA 

NA 
NA 

3.m-04 
5.E-03 

1.OE-03 

9.7E+00 
1.4E -01 
3.oE-04 
5.E-03 

6.OE-03 
3.OE-03 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

7.38-04 
S.0E-06 

NA 

NA 
2.3E - 05 

1.9E-OS 
2.2E-04 
2.E-05 
1.4E- OS 

4.8E-09 
1.92-04 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

HQ Summlioa = 1.6E - 03 

I "LCR Calculaion r 1 CDI I CSF I l t C R  

armla - 1260 
arsenic 
bayilium 
bemo(a)pyrene 
cadmium 
12-dichlarod hane 
magnaium 
manganse 
macury 
silva 

trichlmwthene 
uranium-total 

2.17.8 -tcdd 

4E-07 
6E-08 
BE- 10 
.4E-08 

1E-04 
9E - OS 
OE-09 
4E-08 

BE-11 
BE-07 

7.7E+00 
1.BE+00 
4.3E+00 
7.3E+00 

NA 

NA 
NA 
NA 
NA 

9.1E-02 

1.5E+o5 
1.1E-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4%-09 

2.4E - 07 
6.BE-08 
3 s - 0 9  

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.OE-13 

I I 
1'IL.CR Summation = 3.2E - 07 



tisk Equation 

IRa 
EFa 
EDa 
FI 
cs 

Table H.V.l-102 
Summary of  Risk Quantitation (radionuclides) 

Reference Receptor: Bpanded Trespasser 
Via Incidental Ingestion of Soil/Sediment 

= C S X E F X E D X F I X I R  

Ingestion rate of soil (adult) . 
Exposure frequency (adult) 
Exposure Duration 
Fractional Intake 
Concentration of radionuclides in soil 

1.6E-03 pCi/mg 
pCi/mg 

3.7E-04 pCi/mg 
2.5E-04 pCi/rng 
2.1E-03 pCi/mg 
l.lE-03 pCi/mg 
7.1E-05 pCi/mg 
3.9E-03 pCi/mg 

pCi/mg 
pCi/mg 

youth 

12.5 
110 
12 
1 

csv 

12.5 mg/day 
40 dayslyear 
32 Year 

1 (unitless) 
csv 

pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 

CDI CSF TLCR 
Radionuclides (pCi) (pci1-l (unitless) 

5.2E+01 

1.2E+01 
8.1E+00 
7.OE+01 
3.6E+01 
2.3E+00 
1.3E+02 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.8E- 10 
1.4E- 12 
3.6E- 11 
1.3E- 12 
1.3E- 11 
1.7E- 10 
1.6E- 11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA . 
NA 
NA 
NA 
NA 
NA 
NA 

4.1E-08 
NA 

4.3E- 10 
1.1E-11 
9.OE- 10 
6.1E-09 
3.7E- 11 
2.5E-09 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I I TLCR Summation = 5.1E-08 



SA 
A P  
ABS 
C P  
@Fa 
EDa 
BWa 
AT 
A l b  
cs 

Surfacearea of cxposcd skin (adult) 
S d  torkbadbcrcna hctor 
ebcmblr specificabsorbtion factor 
Conversion factor 
Exponrre frequeng (adult) 
exporure duation (adult) 
Body Wright (adult) 
A v c a ~  time for srcimgenr 
Aveng: time for om-srcimgenr (adult) 
Co~cenhation of chemicals in roil 

Table H.V.l-103 
Summary o f  Risk Quatditrtiar (chcmiul9) 
Refaencc  Receptor: Expanded Trcspassa 
Via Dumd Contad w&b SoiVSedimed 

Compoud ABS Concentration UniIs 

a ntimany 
a rcdor- l254 
a rcdor- U60 
arsenic 
beryllium 
bcnm(a)pyrrnc 
cadmium 
1.2-didoroclhanc 
magnesium 
mangacrc 
mercury 
Sil-.CI 

2.3.1.8 - tcdd 
bkblOOClhCOC 
uranium - total 

1.OE-02 
6.0E-02 
6.0E-02 
1.0E-03 
1.0E-02 
3.0E-01 
1.0E-02 
3.0E-01 
1.0E-02 
1.0E-02 
S.0E-02 
1.0E-02 
3.0E-02 
3.0E-01 
1.0E-02 

NA 

4.OE+OO 
2.5E-02 

5.8E+00 
6.6E-01 
2.0E-02 
6.0E-01 

4.8Ei.03 
8.1E42 
2.1E-01 
1 . 8 E 4 0  

1.6E-04 
1.2Ei.01 

4200 
1 

a v  
1.0E-06 

110 
u 
43 

2ssso 
4380 
av 

3 Sl40 m4da 
1 mgfcm 

1.0E-06 kgfmg 
QV 

40 dayJycar 
32 Year 
70 kg 

25550 dap 
11680 days 

QV 

Compoud ABS Conocntn tion Units 

NA wb 
NA msllrg 
NA me/Ls 
NA m w b  
NA m& 
NA mg/lre 
NA m& 

NA m o l l  
NA msllle 

NA mdLs 
NA mg/lrs 

NA mgllrg 

NA m&8 

NA 

NA 

I 

I 



0 I 
n 

Summary of Risk Q u d h h 8  (&miah) 
Referenm Rsmptor: Expanded Trespasser 

Via Dermal Coatactwith SoiIBedimeat 

HQCalculation 
CDI RID HQ 

Compund (mdkg-day) (mg/kg-day) (unitless) 
antimny 5.8E-07 6.OE-05 9.68-03 
amc~or 1254 
amclor-1260 
arsenic 
beflium 
benm(a)wenc 
cadmium 
1.2-dcHo1oethane 
magnesium 
manganese 
mercury 
silver 
2.3.7.8-tcdd 
tricblometkne 
uranium- total 

NA 
NA 

2.9E-04 
5.OE-03 

5.OE-05 

4.9E-01 
4.28-03 
4.5E-05 

NA 

NA 

NA 
NA 

5.9E-03 
1.5E-04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

2.98-04 
1.9E-05 

NA 

NA 
1.7E -03 

1.4E-03 
2.8E-02 
3.4E-03 

NA 
NA 

5.6E-07 
l.lE-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I I I HQ Ssmmtion = 5.6E-02 

)ompound 
intimny 
imclor - 1254 
imclor-1260 
irsenic 
ieflium 
ienm(a)wene 
admiurn 
I.2-dcHoroethne 
nagnea um 
nanganese 
nercury 
dver 
!.3,7.8 - tcdd 
ricblomethene 
Iranium-total 

TLCR Calculation 

{mplkg-day) (mdkg-day)-' (unitless 
CDI CSP m R  

3.68-07 NA NA 
1.4E-08 

5.3E-08 
6.1E-08 
ME-08 
SJE-08 

4.4E-04 
7.4E-OS 
9.68-08 
1.7E-07 

2.1E-09 
LlE-06 

IA 

IA 

JA 

IA * 

IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 

1 .OE+ 01 
l.OE+Ol 
1.8E+00 
4.3E+00 

NA 
NA 

NA 
NA 
NA 
NA 

1.OE-01 

3.OE+OS 
1.1E-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.4E-0 

9.7E-01 
2.6E-0 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.3E-11 

r I X R  Summation = 5.OE-0; 

...... . .. , 
I . .. 

.. .- 
:< 

4 .  



Table H.V.l-104 
Summary of  Rkk Quaditaion (dnemieak) 
Refaence  Reeeplor: Expanded l’kapassa 

Via Ingestion While Wading 

IRsw 
@Fa Exposure frequcng (adult) 
@Da Exposure duntion (adult) 
BWa M y  weight (adult) 
A T  Averag time for carcinogens 
A n  Averdg time forum-arcimgcns (adult) 
CS 

Ingestion rats of surEicc water 

Colrcntn tion of chemicals in surface water 

Compould Colrcntration Units 

antimony 
a rodor- 1254 
a rodor - U60 
arsenic 
beryllium 
bcozo(a)pyrcnc 
cadmium 
1 ,Z-didoroeh 
magnesium 
manganese 
mercury 
S i l K l  

2.3.7.8- lcdd 
tricblaoethcnc 
utanium- t a l  

ne 

1.ME-04 

1.14E-03 
2.38E-OS 
1.298-08 

1.92@+01 
1.42E-01 
1.01E-03 

5.04E-04 

y p l l l h d . u k  

0.035 V d Y  
52 d a m e a r  
u Year 
43 70 kg 

4380 11680 days 
2 ~ 5 x 1  zssm days 

a v  QV 

I 



Table H.V.1-104 
Summary of Risk Quntihtion (chemials) 
Refereace Recaptor: Jbpanded Trsapsssr 

Via Ingsstion WLib Wadha 

k m p u n d  
UlliItUny 

HQ Calculation 
CDI RID HQ 

(mdkg-day) (mdkg-day) (umdess) 
3.298-09 4.00E-04 8.22E-06 

iroclor-1254 
IIUC~OI- 1260 
irsenic 
ieflium 
ien?o(a)wene 
.admiurn 
.,Z-dcHorocthane 
nagnesium 
nanganese 
nercury 
ilver 
!.3,7.8-lcdd 
richloroetkne 
iranium - total 

>ompound 

NA 
NA 
3.00E-04 
5.00E-03 

1 .ME - 03 

9.70E+00 
5.00E-03 
3.00E-04 
5.00E-03 

6.00E - 03 
3.00E - 03 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

TLCR Calculation 
CDI CSP TLCR 

(mdkg-day) (mdk-day)-l [umtless 

NA 
NA 
1.20E-04 
1.5 1E -07 
NA 
NA 
NA 
6.268-05 
8.98E-04 
1.06E-04 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.31E-06 

I HQ Summation = 1.20E - 03 

lntimny I2.07E-09 
IroClor-1254 
imclor-1260 
IrseniC 
Beqilium 
)enin(a)wene 
admiurn 
L.Z-dcHometbne 
nagnesium 
nanganese 
nercury 
h e r  
!.3.7.8-tcdd 
richloroetkne 
iranium-total 

7E-08 
3E-10 
6E-13 

NA 
7.70E+00 
7.70Et00 
1.75E+00 
4.30E+00 
7.30E+00 

9.10E-02 
NA 

NA . 
NA 
NA 
NA 
l.SOE+OS 
1.1OE-02 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
3.97E-M 
2.03E-0 
1.87E- 1: 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 

ITLCR Summation = 4.17E-01 

- 2  

. 
, 1 
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Risk Equation 

I R w  
EFa 
EDa 
Fl 
cs 

Table H.V. 1- 105 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: Expanded Trespasser 
Via Incidental Ingestion while Wading 

= CSXEFX EDX FIX IRsw 

Ingestion rate of surface water 
Exposure frequency (adult) 
Exposure duration (adult) 
Fractional intake for radionuclides 
Concentration of radionuclides in surface water 

R%m+ta 3.5E-01 p a  
h2n P a  

TEPg P a  
nL, 
%+lOd 

%+ld 2.1E+00 p a  

3.1E-03 p a  
1.7E-04 pein 

urn, 7.5E-03 p a  
u?3R+2a 9.OE-01 p a  

Pa 
P a  

p u t h a  

0.035 Vday 

12 Year 
52 daysryear 

1 1 (Unitless) 
csv CSV 

P a  
Pa 
P a  
P a  
P a  
P a  
P a  
P a  
P a  
P a  

CDI CSF TLCR 
( p a )  (pCi)-l (unitless) ladionuclides 

1 
7.7E+00 

4.5E+01 
NA 

NA 
6.7E-02 
3.6E-03 
1.6E-01 
2.OE+01 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.8E- 10 
1.4E- 12 
3.6E- 11 
1.3E- 12 
1.3E-11 ' 

1.E-  10 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.OE-09 
NA 

NA 
1.6E-09 

8.7E- 13 
6.2E- l3 
2.6E- 12 
3.9E- 10 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

8.OE-09 - I TLCR Summation - 



EFa 
@Da 
BWa 
AT 
ATa 
DA 
SAP 

P 

Table H.V. 1-106 
Snmmary of Ruk Quantilation (chemialr) 
Rcfcrcncc Rectpor:  hpanded Trcrpancr 

Vla Dermal Contact Whtls Wadlng 

EFXH)XDAXSA 
BW X A T  

hposwc hequcncy (adult) 
hposurc duration (adult) 
Body might (adult) 
Average time forcalcinogns 
Average time for non-carcinogens (adult) 
chemicals rpecifE dermal ahsorbcd dore 
Skin r w k c  area (adult) 

Compound DA Units 

antimony 1ME-W mgkm'-day 
aralor-l254 mgkm'-day 
aralor- l260 mgkm'-day 
arsenic 1.14E-08 mgkm'-day 
bcfium 2388- 10 mgkm'-day 
bcao(a)pyrrnc 729E- 10 mgkm'-day 
cadmium mgkm'-day 
12-dChloroctba1~~ m g k d - d a y  
magncaium 192E-04 mgkm'-day 
manganere 1.42E-06 mgkm'-day 
mercury 101E-08 mgkm'-day 
ailwr mgkm'-&y 
23.78-tcdd mgkm'-day 
trkhlorocthcnc m g k d - d a y  
uranium-total SME-09 mgkm'-day 

mgkm'-day 

r x t h a d ! &  

52 dayrhcar 
u Year 
43 70 kg 

25SB ZSSY) day 
4380 11680 day 

5 uo em' 
CIV CIV 

Compound DA UOilI 

mgkm'-day 
mgkm'-day 
m#m'-day 
m#m'-day 
m#m'-day 
m#m'-day 
mgkm'-&y 
mgkm'-day 
mgkm'-&y 
mgkd-day 
mgkd-day 
mgkm'-day 
mgkm'-day 
mgkm'-day 
mgkm'-day 

-. 

.' _. . 



Summary otKist  @artitation (denials) 
Refarerca Receptor: Expanded Trespasser 

Compound 

amclor-1254 
anlimny 

via 1 

(mp/k-day) I Imdk-day) I (uritless 
4.82~-09 ~.OOE-OS ~ . O ~ E - O .  
NA 

I HQCalculation 
I I CDI I RfD I HQ 

amclor-1260 
arsenic 
beqllium 
beniu(a)pyene 
cadmium 
1,2-dcHomethane 
magnesium 
manganese 
mercury 
silver 

trichloroetkne 
2,3,7,8-tcdd 

I uranium-total 

I HQ Summation = 4.86~-0: 

NA NA 
NA NA 
z.asE-04 L~SE-O. 
5.MlE-03 2.2lE-0 
NA NA 
5.00E-OS NA 
NA NA 
4.as~-o t  i . a 4 ~ - 0  
4.20E-03 1.57E-0 
4.50E-OS 1.04E-0. 
NA NA 
NA NA 
s.aa~-o3 NA 
1.SOE-04 1.56E-0' 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 

r m a l C o n t a c i ~ ~ s  wadi8 
I TLCR Calculation 

I I CDI I CSF I TLCR 
Compound 
antimony 13.038-09 NA NA 

I (mp/k-day)I (mp/k-day)-l I (uutless' 

amc~or-1254 
amclor - 1260 
arsenic 
b e d i u m  
benm(a)pyene 
cadmium 
1,Z-dcHometkme 
magnesium 
manganese 
metwry 
silver 
2.3.7.8-tcdd 
trichlometkne 
uranium-total 

2E-08 
3E-10 
2E-09 

9E-04 
4E-06 
4E-08 

7E-08 

1.03E+01 
1.03E+01 
1.84E+00 
4.30E+00 
NA 
NA 

NA 
NA 
NA 
NA 

1.01E -01 

3.00E+OS 
1.12E -02 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
6.12E-OL 
2.98~-01 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I I I TLCR Sonmation = 6.42E-08 

I 

I 



... .:.- . . .  . ... 

' Table H.V. 1-107 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: Expanded Trespasser 
Via External Radiation 

kposurc Equation = [CR X EFX ED X ETo X (1 -SHo)] 

EFa 
EDa Exposure duration (adult) 
ET, 

CR 

Fmction ofyear spent exposured (adult) 

Fraction of day spent outdoors (adult) 
Shield factor outdoors 
Radionuclide specific concentrations 

SHO 

R%26+Sd 1.6E+00 pO/g 
h222 NA P W  . 

% 
%+lOd 

SrSO+ld 3.7E-01 pWg 
Tc99 2.5E-01 p u g  

2.1E+00 pWg 
l.lE+00 p u g  

u238+2d 3.9E+00 pCVg 
u-osR.36 7.1E-02 p u g  

NA P W  
NA PcI/g 

youth 

0.3 
12 

0.08 

CSV 

adult - 
0.11 (uni tless) 

0.04 (unitless) 
(mi tless) 

32 Year 

csv (see table below) 

CDI CSF TLCR 
!adionucEdes (year pCi/g) (g/pCi-year)-' (unitless) 

6.9E-01 

1.6E - 01 
l.lE-01 
9.2E-01 
4.8E-01 
3.OE-02 
1.7Ei+00 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.OE-06 
1.2E-09 

6.OE- 13 
5.4E- 11 
8.5E-06 
2.4E-07 
5.1E-08 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.1E-06 
NA 
NA 

6.4E- 14 
5.OE- 11, 
4.OE-06 
7.3E-09 
8.48-08 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

8.3E-06 - [TLCR Summation - 



Table II.V.1-108 
Summary of Risk Quantitatioa (chemicals) 

Refercnce Receptor: Great Miami River User (Agricultural) 
Via Ingestion of Meat Products 

h h k c  E p u t i o m  E CS X EFX ED X FI X IR 
BW X AT 

IR 
FI 
EF 
ED0 
EDC 
BW 
ATE 
ATn 
cs 

Ingestion rate of meat 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration for non-carcinogens 
Exposure duration for carcinogens 
Body weight 
Average time for carcinogens (lifetime) 
Average time tor non-carcinogens (EDnn365) 
Concentration of chemicals in meat 

Compound Concentration Units 

antimony 
ardor-1254 
a r d o r -  1260 
arsenic 
beryllium 
benm(a)pyrem 
cadmium 
1.2-dichlorocthane 
magnesium 
manganese 
mercury 
silver 

trichlorocthene 
uranium-total 

z3.7.a - redd 

4.2E-10 

8.7B-09 
9.4E-11 
1.m-11 

l.lE-03 
2.3E-07 
1.OE-06 

4.5E-10 

References 

0.101 kg/day 
0.75 (Unitless) 
350 dayslycar 
70 Year 
70 Year 
70 kg 

25550 d a y  
25550 days 

I 



Table H.V.l- 108 (continued) 

Compound 
antimony 

Summary of Risk Quantiiation (chemicals) 
Reference Receptor: Great Miami River User (Agricultural) 

Via Ingestion of Meat Products 

HQ Calculation 
CDI RID HQ 

[mp/kR-day) [mp/kg-day) (unilkss] 
4.4E-13 4.OE-04 l.lE-09 

YA 
NA 

9.OE-12 
9.7E-14 
1.2E-14 

NA 
YA 

1.1E-06 
2.4E-10 
l.lE-09 

YA 
NA 
NA 

YA 
NA 
NA 
NA 

468-13 

aroclor-1260 
arsenic 
beryllium 
bemo(a)pyrene 
cadmium 
1.2-dlhloroethane 
magnesium 
mangnese 
mercury 
silver 
23.7.8 - kdd 
trchloroethene 
uranium-total 

NA 
NA 

3.OE-04 
5.OE-03 

1.OE-03 

9.7E+00 
1.4E-01 
3.OE-04 
5.OE-m 

6.OE-03 
3.OE - 03 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

3 . o ~  - 08 
19E-11 

NA 
NA 
NA 

l.lE-07 
1.7E-09 
3.5E-06 

NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.5E-10 

I I I HQ Sumnution = 3.7E-06 

I TLCR Calculation 
I CDI I CSF I TLCR 

Compound 
antimonv 1 4.4E-l3 NA NA 

I [mp/kn-dav)( (m&-day)" I (unitless' 

aralor-1254 
aralor-1260 
arsenic 
beryllium 
kmo(a)pyrenc 
cadmium 
1.2-dlhloroethane 
magnesium 
manpnese 
menmy 
silver 
23.7.8 - tedd 
trkhloroethene 
uranium - total 

I 
ITLCR Summation = 16E-11 

7.7E+00 
7.7E+00 
18E+00 
43E+W 
73E+00 

9.1E-02 
NA 

NA 
NA 
NA 
NA 

l.SE+OS 
l.lE-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

16E-11 
4.2E-U 
8.4E-14 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
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ntake Equation 

IR 
FI 
EF 
EDn 
Cf 

Table H.V. 1- 109 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: Great Miami River User (Agricultural) 
Via Ingestion of Meat Products 

- - CfX EFX EDn X FI X IR 

Ingestion rate of meat 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in meat 

5.1E-06 

l.lE-06 
9.5E-04 
l.lE-07 
2.5E- 12 
2.5E-06 
7.7E-06 

ERR 

0.101 kg/day 
0.75 (Unitless) 
350 dayslyear 
70 Year 

CDI CSF TLCR 
Ladionuclides (pCi) (pCi)-' (unitless) 

9.5E-03 

2.1 E- 03 

2.OE-04 
4.78-09 
4.78-03 
1.4E-02 

NA 

1.8E+00 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.8E- 10 
1.4E- 12 
3.6E-11 
1.3E- 12 
1.3E- 11 
1.7E- 10 
1.6E- 11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.4E- 12 

7.4E- 14 
2.3E- 12 
2.6E- 15 
8.OE- 19 
7.4E- 14 
2.9E- 13 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.OE-11 - I TLCR Summation - 



1R 
Fl 
EF 
EDn 
EDC 
BW 
ATc 
ATn 
CS 

Table H.V.1-110 
Summary of Risk Quaotitatioa (cbcmiuls) 

Rcfercnce Rcccptor: Grut  Miami River User (Agricultural) 
Via Ingestion of Dairy Produds 

CS XEFX ED X FI X IR 
BW X AT 

C ~ C D L . ~  Comamtntiom 

Ingestion rate of dairy products 
Fraction ingested from contaminated source 
Exporurc frequency 
Exposure duration for non-carcinogens 
Exposure duration for carcinogens 
Bodywight 
Average time for carcinogens (lifetime) 
Average time for nos-carcinogens (EDn.365) 
Concentration of chemicals in animal productc 

Compound Concentration Units 

antimony 
ardor-1254 
a r d o r -  1260 
arsenic 
beryllium 
benzn(a)pyrenc 
cadmium 
1.2-dichlorocthanc 
magnesium 
manganese 
mercury 
silver 
23.1.8-lcdd . trichlorocthcnc 
uranium -total 

References 

0.4 Uday 
0.75 (Unitless) 
350 d a p & a r  
70 Year 
70 Year 
70 kg 

25550 d a p  
25550 dayr 



Table H.V.1- 110 (continued) 
Summary of Risk Quantitation (chemicals) 

Rcferencc Receptor: Great Miami River User (Agricultural) 
Via Ingestion of Dairy Products 

ampound 
intimony 

HQ Calculation 
CDI RID HQ 

(mp/kR-day) (mhg-day) (unitless 
2.1E-10 4.OE-04 5.2E-0: 

iroclor-1254 
iroclor-1260 
irsenic 
xryilium 
xmo (a )pyre= 
admium 
1.2-dkhloroethane 
nagnesium 
nangbnese 
nercury 
#aver 

rchlorcethene 
iranium - total 

!3,7.8-t~dd 

Compound 
antimony 

NA 
NA 

3.OE-04 
5.OE-03 

1.OE-(13 

9.7E+00 
1.4E-01 
3.OE-04 
5.OE-QI 

6.OE-03 
3.OE-03 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

TLCR Calculation 
CDI CSF TLCR 

(mflg-day) (mp/kg-day)-' (unitless' 
2.1E-10 NA 

NA 
NA 

43E-0( 
8.3E- 11 

NA 
NA 
NA 

43E-04 
7.1E-0f 
3.OE-01 

NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.2E-0f 

k A  
NA 

13E-09 
4.1E-U 
1.7E-11 

NA 
NA 

4.2E-a3 
9.9E - 07 
9.1E-09 

NA 
NA 
NA 

I 

HQ Summation = 4.7E-01 

I uranium-total 6.6E-09 NA 
NA NA 
NA NA 
VA NA 
NA NA 
NA NA 

aroclori1254 
aroclor-1260 
arsenic 
beryilium 
bemo(a)pyreoe 
cadmium 
1.2 -dichloroethane 
magnesium 
manganese 
mercury 
silver 
23.7.8-t~dd 
ttkhloroethene 

NA NA 
VA NA 
VA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 

7.7E+00 
7.7E+00 
1EE+00 
43E+ 00 
73E+00 

9.1E-02 
NA 

NA 
NA 
NA 
NA 

1.5E+OS 
1.1E-02 

NA 
NA 
NA 

23E-09 
LEE-12 
13E-10 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I TLCR Summation = 2.4E-09 



[ntake Equation 

IR 
FI 
EF 
EDn 
CP 

Table H.V.l-111 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: Great Miami River User (Agricultural) 
Via Ingestion of Dairy Products 

CDI CSF TLCR 

CpX EF X EDn X FI X IR - - 

Ingestion rate of dairy products 
Fraction ingested from contaminated s o u m  
Exposure frequency 
Exposure duration 
Concentration of radionuclides in animal products 

0.4 Vday 
0.75 (Unitless) 
350 dayshear 
70 Year 

1.1E-02 
ERR 

6.7E-03 
1.3E+00 
l.lE-04 
2.5E-09 
9.OE-03 
2.8E-02 

Radionuclides (pCi) (pcil- '  (unitless) 

8.1E+01 

4.9E+01 
9.8E+03 

NA 

8.OE-01 
1.9E-05 
6.6E+01 
2.1E+02 

NA 

7.8E- 10 
1.4E- 12 
3.6E- 11 
1.3E- 12 
1.3E-11 
1.7E- 10 
1.6E-11 
2.OE- 11 

NA 

6.3E-08 

1.8E-09 
1.3E-08 
1.OE-11 
3.2E- 15 
l.lE-09 
4.1E-09 

NA 

NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 

8.3E-08 - I TUlR Summation - 



IR 
FI 
EF 
EDn 
EDC 
BW 
ATc 
ATn 
cs 

Table H.V.l-112 
Summary of Risk Quantitation (chemiuls) 

Reference Receptor: Great Miami River User 
Via Ingestion of Vegctables and F ~ i t a  

CS X EFX ED X FI X IR 
BWXAT 

Ingestion rate of fruits or vegetables 
Fraction ingested from contaminated source 
Exporvre frequency 
expOrvre duration for non-carcinogens 
Exporure duration for carcinogens 
Body weight 
Average time for carcinogens (lifetime) 
Average time for non-carcinogens (EDnx365) 
Concentration of chemicals in vegetables 

C k r i u l  Comecmtntiom 

Compound Concentration Units 

antimony 
a r d o r -  1254 
ardor-1260 
arsenic 
beryllium 
benFo(a)pyrenc 
cadmium 
1.2-dichlorocthanc 
magnesium 
manganese 
mercury 
SiIVIX 

23.7.8-tdd 
trichlorocthcne 
uranium-total 

References 

0.122 kglday 
0.5 (Unitless) 
350 d a y s w r  
70 Year 
70 Year 
70 kg 

25550 days 
25550 days 

Compoumd Concentration Units 



Table H.V.l-112 (continued) 
Summary of Risk Quantitation (chemicals) 

Reference Receptor: Great Miami River User (Agricultural) 
Via Ingestion of Vcgctablcs and Fruits 

Compound 
antimonv 

HQ Calculation 
CDI RfD HQ 

[mgkR-day) (m&R-day) [UIlhkSS) 
3.5E-08 4.OE-04 8.7E-OS 

aroclor-1254 
aroclor-1260 
arsenic 
beryUium 
bemo(a)pyrene 
cadmium 
1,2-dlhloroethane 
magnesium 
manpnese 
mercury 
silver 
23.7.8-lcdd 

NA 
NA 

3.6E-07 
76E-09 
29E-11 

VA 
VA 

18E-02 
4.7E-05 
3.48-07 

NA 

trthloroethene 
uranium - total I 

NA 
NA 

3.OE-04 
5.OE-03 

1.OE-03 

9.7E+00 
1.4E-01 
3.OE-04 
5.OE-03 

NA 

NA 

NA 
NA 6.OE-03 

18E-07 3.OE-03 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 

NA 
NA 

1.2E-03 
1.5E-0 

NA 
NA 
NA 

18E-03 
3.4E-04 
l.lE-03 

NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.1E-05 

I I HQ Snmmation = 46E-03 

hmpound 
intimony 
iroclor-1254 
iroclor- 1260 
irsenic 
xryUium 
xmo(8)pyrene 
admium 
L.2-dichlorcethane 
nhgnesium 
nanpnese 
nercury 
iilver 
!3.7.8-tcdd 
rchloroethene 
iranium - total 

TLCR Calculation 
CDI 

3SE-08 
A 
A 
3.6E - 07 
768-09 
29E-11 
A 
A 
1EE-02 
4.7E-OS 
3.48-07 
A 
A 
A 
1EE-07 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
7.7E+00 
7.7E+00 
18E+00 
43E+00 
73E+ 00 

NA 

NA 
NA 
NA 
NA 

9.1E-02 

l.SE+OS 
l.lE-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 

6.2E-07 
3.38-08 
2.1E-la 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

rLCR Snmmation = 6.68-07 

.. . -. 

.. 

. >. .. 

. .  
- > '  
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Table H.V. 1 - 113 
Summary of RiskQuantitation (radionuclides) 

Reference Receptor: Great Miami River User (Agricultural) 
Via Ingestion of Vegetables and Fruits 

CvX EFX EDn X FIX IR - Intake Equation - 

IR 
FI 
EF 
EDn 
cv 

Ingestion rate of fruits or vegetables 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in vegetables 

2.OE+00 
ERR 

l.lE+Ol 
1.8E+00 

1.2E+00 
3.8E+00 

3.7E-01 

4.1 E- 05 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.122 kg/day 
0.5 (Unitless) 
350 daysfyear 

70 Year 

3.OE+03 

5.5E+M 
1.7E+04 
2.6E+03 

1.8E+03 
5.7E+03 

NA 

6.2E-02 

NA 

7.8E- 10 
1.4E- 12 
3.6E- 11 
1.3E- 12 
1.3E- 11 
1.7E- 10 
1.6E-11 
2.OE- 11 

NA 

2.38-06 

2.OE-08 
2.2E-08 
3.4E-08 
1.OE-11 
2.9E-08 
l.lE-07 

NA 

NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 

2.6E-06 - I TLCR Summation - 



IR 
EF 
EDn 
EDc 
BW 
ATc 
ATn 
cs 

Table Il.V.1-114 
Summary of Risk Quantitation (chemicals) 

Referrnee Receptor: Great Miami River User (Residential) 
Via Drinking Water Ingestion 

lngcrtion rate of groundwater (RAGS 1989) 

Exposure duration for non-carcinogem 
Exposure duration for carcinogens 
Body weight 
Avcrage timc for carcinogens (lifclimc) 
Avcragc limc for non-carcinogcns (EDnx365) 
Concentration of chemicals in groundwater 

exporure frequency 

CS X EF X ED X IR 
BW X AT 

CLcriul C0.a.tntio.l 

Compoud Concentration Units 

antimony 
ardor-1254 
a r d o r -  1260 
arsenic 
beryllium 
knm(a)pyrcoc 
cadmium 
1.2-dichlorocthanc 
magncrium 
manganese 
mcrcury 
rilvcr 

trichlorocthene 
uranium-total 

23.7.8-tdd 

8.488-06 

8.72E-OS 
1.87E-06 
7.088-09 

4.21E+00 
I.15E-M 
8.18E-05 

4.47E - 05 

Refercnccr 

2 Vday 
350 dayatyear 

70 Year 
70 Year 
70 kg 

25550 days 
25550 daya 

_ .  



Summary of Risk Quantitation (chemicals) 
Referencc Receptor: Great Miami River User (Residential) 

Drinking Water Ingestion 

kmpound 
intimonv 

j; 
TLCR Calculation 

CDI CSP TLCR 
(mlJkR-day) [mlJLg-day)-' [unitless; 
232E-07 NA NA 

._  
HQ Calculation 

I I CDI I RfD 1 HQ 

k A  
NA 
239E-06 
5.128-06 
194E-10 

NA 
VA 
1.15E-01 
3.15E-04 
2.24E-a 

NA 
VA 
VA 
1.22E-06 

Compound 
antimonv I232E-07 

I (mflR-day) I (mp/Lg-day) I [unitless 

NA 
NA 
VA 

aroclor-1260 
a n e k  
beflium 
beazo(a)pyrene 
cadmium 
1.2 -dichloroethane 
magnesium 
manganese 
mercury 
silver 

trthloroethene 
uranium-total 

23.7.8-lcdd 

NA 
NA 
VA 
NA 
NA 
VA 
NA 
NA 

4.00E-04 
NA 
NA 
3.00E-04 
5.00E-03 

NA 
1.00E-03 

NA , 
9.70E+00 
1.40E-01 
3.00E-04 
5.00E-03 

6.00E-03 
3.00E-03 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

581E-04 
NA 
NA 
796E-03 
1.02E-O! 

NA 

NA 
1.19E-02 
2.25E-Q3 
1.478-03 

NA 

4.OBE-04 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 

I HQ Summation = 3.06E-02 

~roclor~1254 
iroclor-1260 
irsenic 
xlyllium 
xuzo(a)pyrene 
:admiurn 
L.2-dkhloroethane 
nagnesium 
nangdnese 
nercury 
;aver 
!3,7,8 - tedd 
rkhloroethene 
iranium-total 

7.70E+00 
7.70E+00 
1.75E+00 
430E+00 
730E+00 

9.10E-02 
NA 

NA 
NA 
NA 
NA 
1.50E+05 
1.10E - 02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.18E-06 
2.20E-07 
1.42E-09 

NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 

[TLCR Sonmation = 4.40E - 06 



Intake Equation 

IR 
EF 
EDn 
FI 
cw 

Table KV.1-115 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: Great Miami River User (Residential) 
Via Ingestion of Drinking Water 

CDI CSP TLCR 

CwX EFX EDn X FIX IR - - 

Ingestion rate of groundwater (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Fractional intake for radionuclides 
Concentration of radionuclides in groundwater 

2 Vday 

70 Year 
350 dayslyear 

1 (Unitless) 
(see table below) 

4.1E-01 p C i  

7.48-02 p C i  

3.6E-01 p C i  
8.48-06 pC9 2.5E-01 pCf" 
7.7E-01 p C i  

p C i  

2.2E+00 p C i  

p C i  
p C i  

p C i  
p C i  

PCfl 
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  

PCT 

ladionuclidcs [pCi) [pCi)-' [unit less) 

2.OE+04 

3.6E+03 
l.lE+OS 
1.8E+04 

1.2E+04 
3.8E+04 

NA 

4.1E-01 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.8E- 10 
1.4E- 12 
3.6E- 11 
1.3E- 12 
1.3E-11 
1.7E- 10 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.6E- 05 

1.3E- 07 
1.4E-07 
2.38-07 
.7.OE- 11 
2.OE-07 
7.6E-07 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.7E-05 - I TLCR Summation - 



I.Lc Eputio. 

D A  
EP 
EDn 
E D C  
BW 
ATE 
ATn 
SA 

E 

Dermal absorbed dose 
Exporure frequency 
Exporure duration for non-carcinogens 
Exporure duration for carcinogens 
Body weight 
Average time for carcinogens (lifetime) 
Average time for non -carcinogens (EDn x 365) 
Skin surface area available for contact 

~~ 

Table Ei.V.l-116 
Summary of Risk Quantitation (chemicals) 

R e f e r a c e  Receptor: Great Miami River User (Ruridmtial) 
Via Dermal Contact while Bathing 

C L i i c r l  Comamtntion 

Compound 

antimony 
aIdOr-1254 
a r d o r -  1260 
arsenic . 
beryllium 
benm(a)pyrcm 
cadmium 
1.2-dichlorocthane 
magnesium 
manganese 
mercury 
silver 
2.3,7.8-lcdd 
trichlorocthcne 
uranium- total 

References 

D A  X EPX ED X SA 
BW X AT 

DA Units 

2.12E-11 mg/cm2-day 
mglcm2-day 
mglcm2-day 

2.18E-10 mglcm2-day 
4.68E-12 mglcm2-day 
2.WE-10 mglcm2-day 

mg/cm2-day 
mg/cm2-day 

1.05E-05 mg/cm2-day 
2.88E-08 mglcm2-day 
2.OSE-10 mg/cm2-day 

mg/cm2-day 
mglcm2-day 
mg/cm2-day 

1.12E-10 mg/cm2-day 
mg/cm2- day 

csv mg/cm2-day 
350 dayshear 
70 Year 
70 Year 
70 kg 

25550 days 
25550 days 
23000 em2 

Compound DA Units 

mg/cm2-day 
mg/cm2-ciay 
mg/cm2-day 
mglcm2- cia y 
mg/cm2-ciay 
mg/cm2-day 
mg/cm2-ciay 
mglcm2-day 
mg/cm2-day 
mg/cm2-day 
mglcm2-day 
mgtcmz-ciay 
mg/cm2-day 
mglcm2- day 
mglcm2-ciay 

I 



Table H.V.1- 116 (continued) 
Summary of Risk Quantitation (chemicals) 

Reference. Rcceolor: Great Miami River User 

Compound 
antimony 
aroclor-1254 
aroclor-1260 
arsenic 
beryllium 
bemo(a)pyreae 
cadmium 
1.2-dichloroethane 
magnesium 
manganese 
mercury 
silver 
23.1.8 - tcdd 
trchloroethene 

Via 1 
r HQ Calculation 
I CDI I RID I HQ 

(m&-day)I (m&R-day)-' I (unitless 
6.688-09 NA NA 
NA 
NA 
6.87E-08 
1.47E-09 
6.30E-08 
NA 
NA 
3.328-03 
9.068-06 
6.44E-08 
NA 
NA 
NA 
3.528-08 
YA 
NA 
NA 
plA 

Compound 

aroclor- 1254 
aroclor-1260 
arsenic 
beryllium 
beuzo(a)pyrene 
cadmium ' 

1,2-dichloroethane 
magnesium 
manganese 
mercury 
silver 
23.7.8 - tcdd 
trchloroethene 
uranium - total 

I (m&-day) I (mflg-day) I (unitless' 
antimony I6.68E-09 6.M)E-05 l.llE-04 

YA 
NA 
VA 
NA 
NA 

235E-01 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

E-08 
E-09 
E-08 

E-03 
E-06 
E-08 

E-08 

NA 
NA 
285E-04 
5.00E-03 

5.OOE-05 

4858-01 
4.20E-03 
4.5OE-OS 

NA 

NA 

NA 
NA 
588E-03 
1.50E-04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
2.41E-04 
295E-07 

NA 

NA 
6.848-03 
2.168-03 
1.438-03 

NA 
NA 

I HQ Summation = 1.10E -02 

crma'l Contact while Bathing 
TLCR Calculation 

I CDI I CSP I TLCR 

uranium-total 

l.CUE+Ol 
l.CUE+Ol 
184E+M) 
430E+00 

NA 
NA 

NA 
NA 
NA 
NA 

1.01E-01 

3.00E+O5 
1.12E-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.27E-0: 
6.338-01 

NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

l33E-07 ITLCR Sommation = 



Intake Equation 

IR 
FI 
EP 
EDn 
EDc 
BW 
ATc 
ATn 
cs 

Table H.V.l-117 
Summary of Risk Quantitation (chemicals) 

Reference Receptor: Great Miami River User (Recreational) 
Via Ingestion of Fish 

Ingestion rate of f i h  
Fraction ingested from contaminated source 
Exposure frequeney 
Exposure duration for non-carcinogens 
Exposure duration for carcinogens 
Bodyweight 
Average time for carcinogens (lifetime) 
Average time for non-carcinogens (EDnx 365) 
Concentration of chemicals in meat 

CS X E F X  ED X FI X IR 
B W X A T  

Chemical Concentrations 

Compound Concentration Units 

antimony 
aroclor - 1254 
aroclor-1260 
arsenic 
beryllium 
benzo(a)pyrene 
cadmium 
1.2 -dichloroethane 
magnesium 
manganese 
mercury 
silver 

trichloroetkne 
uranium-total 

2.3.7,8- t d d  

ME-06 
NA 
NA 

3.88-03 
3.6E-OS 
1.8E-04 

NA 
NA 

4.5E-01 
NA 
NA 
NA 

NA 
8.9E-08 

References 

0.054 kg/day 
1 (Unitless) 

122 daysfyear 
30 Year 
30 Year 
70 kg 

25550 days 
10950 days 

QV 



Table H.V.1- 117 (continued) 
Summary of Risk Quantitation (chemicals) 

Reference Receptor: Great Miami River User (Recreational) 
Via Ingestion of Fish 

Compound ' 

antimony 

HQ Calculation 
CDI RfD HQ 

(mp/kg-day) ( m a g - d a y )  (unitless) 
2.2E-09 4.OE-04 5.5E-06 

aroclor - 1254 
aroclor- 1260 
arsenic 
beryllium 
benzo(a)pyrene 
cadmium 
1.2 - dichloroet hane 
magnesium 
manganese 
mercury 
silver 

trichloroet hene 
uranium- total 

2,3,7,8-tcdd 

A 
A 
9.9E-07 
9.2E-09 
4.6E-08 
A 
A 
A 
A 
1.2E-04 
A 
A 
A 
2.3E-11 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

NA 
NA 

3.OE-04 
5.OE-03 

NA 

NA 
1.OE-03 

9.7E+00 
1.4E-01 
3.OE-04 
5.OE-03 

NA 
6.OE-03 
3.OE-03 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

3.3E-03 
1.8E-06 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.9E-01 

7.78-09 

NA . 

I I-IQ Summation = 3.9E-01 

TLCR Calculation 
I CDI I CSF I TLCR 

Zoompound I (m@g-day)l ( m a g - d a y l f  (unitless; 
intimony I 9.4E-10 
iroclor- 1254 
aroclor- 1260 
arsenic 
ieryllium 
ienzo(a)pyrene 
:ad mi um 
1.2 - dichloroethane 
nagnesium 
manganese 
nercury 
;ilver 

.richloroethene 
Jranium - total 

!,3.7,8 - tcdd 

I 
I TLCR Summation = 9.OE-07 

NA 
7.7E+00 
7.7E+00 
1.8E+00 
4.3E+00 
7.3E+00 

NA 

NA 
NA 
NA 
NA 

9.1E-02 

1.5E+OS 
l. lE-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 

7.4E-07 
1.7E-08 
1.5E-07 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

.r 
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Lntake Equation 

IR 
FI 
EF 
E h  
Cf 

Table H.V.l-118 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: Great Miami River User (Recreational) 
Via Ingestion of  Fish 

- - CfX EFXEDn X FI X IR 

Ingestion rate of meat 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in meat 

2.1E-02 

22E-03 
3.3E - 02 
l.lE-02 
25E-07 
5.OE-04 
1.E-03 

NA 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.054 kg/day 
1 (Unitless) 

122 daysfyear 
-30 Year 

P C i k  
Pc&g 
pCikg 
pCikg 
P C W  
pCiAg 
pCikg 
pCikg 
pCikg 
pcincg 

R%26+8d 

sr90+1d 
h 2 2 2  

T%9 
m230 
m232+10d 
u’235t236 
u238+2d 

1.OE-03 
* NA 

22E-04 
1.9E-01 
21E-05 
5.OE- 10 
5.OE - 04 
1.E-03 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.8E- 10 
1.4E- 12 
3.6E-11 
1.3E- 12 
1.3E-11 
1.E- 10 
1.6E-11 
2OE-11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.9E- 13 

7.9E- 15 
24E- 13 
28E- 16 
8.92-20 
7.9E- 15 
3.1E- 14 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

l.lE-12 - I TLCR Summation - 



IRsw 

EDn 
EDc 
BW 
ATc 
ATn 
cs 

EP 

Table II.V.l-119 
Summary of Risk Quantitation (ehcmiuls) 

Reference Receptor: Grut  Miami River User (Rccrutional) 
Via Incidental Ingestion While Wading 

Ingestion rate of surface water 
Jbposurc frequency 

Exposure duration for carcinogens 
Body weight 
Average time for carcinogens (lifetime) 
Average time for non-carcinogens (EDn x365) 
Concentration of chemicals in surface water 

J b p o s u r C  duration for non-carCinOgcM 

CS X E F X  ED X IR 
BW X AT 

CLIL.I Comamtntion 

C o m p u d  DA Units 

antimony 
a r d o r -  1254 
a r d o r -  1260 
arsenic 
beryllium 
benm(a)pyrcoc 
cadmium 
1.2 -dichlorocthane 
magnesium 
manganese 
mercury 
silver 
23.7.0-tdd 
trichlorocthene 
uranium - total 

8.40E-06 

0.72E-OS 
1.87E-06 
7.08E-09 

4.21@+00 
I.15E-02 
8.18E-OS 

4.47E-OS 

mg/m2-d 
mdcm2-d 
mg/cm2-d 
mg/cm2-d 
mg/cm2-d 
mg/cm2-d 
mg/cm2-d 
mg/cm2-d 
mg/cm2-d 
mg/cm2-d 
mg/cm2-d 
mg/cm2-d 
mg/cm2-d 
mg/cm2-d 
mg/cm2-d 
mdcm2-d 

References 

0.035 Vday 

30 Year 
30 Year 
70 kg 

10950 days 
10950 d a p  

7 d a y s b a r  

C o m p u d  DA Units 

mg/cm2-d 
mg/cm2-d 
mg/cm2-d 
mg/cm2-d 
mg/cm2-d 
mdcm2-d mdcm2-d 

mdcm2-d 
mg/cm2-d 
mg/cm2-d 
mg/cm2-d 
mg/cmz-d 
mg/cm2-d 
mg/cm2-d 
mdcm2-d 



Table H.V.l-119 fcootioued) 

Compound 
intimonv 

Summary of Risk Q u a n t i k o o  (chekicals) 

ental Ingestion while Wading 
TLCR Calculation 

CDI CSF TLCR 
(makn-day) (m&-day)-* (unitless 
8.13E-11 NA 

Via 

NA 
NA 
8.36E- 10 
1.79E-11 
6.79E-14 
NA 
NA 
4.04E-05 
1.10E -07 
7S4E- 10 

NA 
NA 
NA 
4.29E-10 
VA 
NA 
NA 

. __ __ 
I HQ Calculation 
I CDI I RID I HQ 

NA 
NA 
VA 
NA 
NA 
NA 
VA . 
NA 
NA 

knpound 1 [mp/lll-day) I (mfln-day) I [unitless 
intimony I8.13E-11 4.00E-04 2.U3E-0: 
,roclor -1254 
iroclor- 1260 
me& 
x.ryUium 
x.mo(s)melrc 
admium 
1.2-dichlornethane 
naglrcsium 
nanganese 
nerury 
ilver 

richloroetbene 
ira nium - total 

!3.7,8-lfdd 

NA 
NA 
3.00E-04 
5.00E-03 

1.00E-00 

9.70E+00 
5.OOE-OD 
3.00E-04 
5.00E-(D 

6.00E-03 
3.00E-03 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
2.798-Ot 
3.59E-0! 

ERR 
NA 
NA 
4.16E-Ot 
2.21E-0i 
261E-Of 

NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.43E-0; 

[ HQ Summation = ERR 

i ra lor  -1254 
rralor-1260 
rrsenic 
belyllium 
bemo(a)pyrene 
admium 
1.2-dkhloroethane 
magnesium 
mangnese 
merury 
iilver 
13.7.8 -kdd 
:rchloroethene 
rranium-total 

7.70E+00 
7.70E+00 
1.75E+00 
430E+00 
730E+00 

9.10E-02 
NA 

NA 
NA 
NA 
NA 
1.50E+O5 
l.lOE-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.54E-09 I TLCR Summation = 

NA 
NA 
1.46E-09 
7.71E - 11 
496E-13 

NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 



Table H.V.l-120 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: Great Miami River User (Recreational) ' 
Via Incidental Ingestion while Wading 

ntakc Equation 

IRsw 
EF 
EDn 
FI 
cs 

Cs X EFXED X F IX  IR - - 

Ingestion rate of surface water 
Exposure frequency 
Exposure duration for non-carcinogens 
Fractional intake for radionuclides 
Concentration of radionuclides in surface water 

4.10E-01 p C i  

7.438-02 p C i  

3.61E-01 p C i  
8.448-06 p C i  
2.51E-01 p C i  
7.75E-01 p C i  

p C i  

2.238+00 p C i  

p C i  
p C i  

0.035 Vday 

30 Year 
7 dayslyear 

1 (Unitless) 

PC'" 
PC'" 
PCfl 
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  

CDI CSP TLCR 
ladionuclidcs (pCi) (pCi)-' (unitless) 

3.01E+00 

5.46E-01 
NA 

1.64E+01 
2.66E+00 

1.84E+00 
5.70E+00 

6.208-05 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.80E- 10 
1.40E- 12 
3.60E- 11 
1.30E- 12 
1.30E- 11 
1.70E-10 
1.60E- 11 
2.00E- 11 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.35E-09 

1.97E-11 
2.13E-11 
3.45E- 11 
LOSE- 14 
2.958-11 
1.14E- 10 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I TLCR Summation - - 2.57E-09 



DA 
EP 
EDn 
EDC 
BW 
ATc 
ATn 
SA 

Table H.V.1-121 
Summary o f  Risk Quanlitation (chemicals) 

Reference Receptor: Great Miami River User (Recreational) 
V i  Dermal Contact while Wading 

D A X  EP X ED X SA 
BW X AT 

Damal  absorbed dose 
Expmure frequency 
Exposure duration fornon-carcinogens 
Exposure duration for carcinogens 

Average h e  f a  carcinogens (lifetime) 
Avetrge time fm non-carcinogens (ED0 I 365) 
Skin surface area available for contact 

Boay weight 

Canpound DA units 

antimony 
ardor-1254 
aroclor-1260 
&C 

w u m  
k a ( a ) p y r a e  
cadmium 
12-dichloroethane 
magnesium 

mectury 
silw 
23.78 - t d d  
tridoroethen e 
uranium-total 

UIMgmeSe 

2.12E-11 mg/cm2-day 
mg/cm2-day 
mglcm2-day 

2.18E-10 mg/cm2-day 
4.688-12 mg/cm2-day 
2.00E-10 mg/cm2-day 

mg/cm2-day 
mglcm2-day 

LOSE-OS mglcm2-day 
2.88E-08 mg/cm2-day 
2.OSE-10 mglcm2-day 

mg/cm2-day 
mg/cm2-day 
mg/cm2-day 

1.12E-10 mg/cm2-day 
mg/cm2-day 

References 

csv mg/cm2-&y 

30 Year 
30 Year 

2SSsO days 
25520 days 
23000 cm2 

7 daysfyear 

70 Ls 

Canpound DA Units 

mg/cm2-day 
mg/cm*-day 
m@n2 -day 
mg/cm2 -day 
mg/cm2-day 
mg/cm2-day 
mg/cm2-day 
mg/cm2 -day 
mg/cm2 -day 
mglcm2-day 
mg/cm2-day 
mg/cm2 -day 
mg/cm2-day 
mg/cm2-day 
mg/cm2-day 



Table H.V.1- 121 (continuedl 

hmpound 
intimonv 

Summary of  Risk Quantikion (chekicals) 
Reference Receptor: Great Miami River User (Recreational) 

HQ Calculation 
CDI RID HQ 

(mn/Lg-day) (ma/kg-dav) (unitless: 
1.258-09 6.OOE-OS 2.OBE-OS 

VA 
NA 
1.288-08 
2.7SE-10 
SASE-09 
VA 
NA 
6.198-04 
1698-06 
1.20E-08 

NA 
NA 
NA 
6.578-09 
NA 
NA 
NA 

iroc~or -1254 
iralor-1260 
irsenk 
aryllium 
amo(a)pyrene 
admium 
1.2-dlhloroethane 
naglwium 
nanganese 
newury 
ilver 
!3,7.8-tdd 
rkhloroethene 
tranium- total 

NA 
NA 
5.49E-09 
1.18E- 10 
2.52E-09 

NA 
NA 
26SE-04 
7.2SE-07 
5.1SE-09 

VA 
NA 
VA 
282E-09 

VA 
VA 
NA 
VA 
VA 
VA 
NA 
VA 
VA 
VA 
YA 
VA 
VA 
NA 
YA 
NA 

NA 
NA 
VA 
NA 
NA 

NA 
NA 
28SE-04 
S.OOE-OD 

S.OOE-OS 

485E-01 
4.20E-OD 
4.50E-05 

NA 

NA 

NA 
NA 
SASE-03 
1 .SOE -04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 
4.SOE-OS 
5.50E-OB 

NA 

NA 
1.28E-03 
4.ODE-04 
267E-04 

NA 
NA 

4388-05 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 

I HQ Summation = 2.06E-03 

: m a l  Contact while Bathing 
TLCR Calculation 

I CDI I CSF I TLCR 

 rocl lor - 1254 
Iroclor- 1260 
me& 
aqllium 
nmo(a)pyrelle 
admium 
..Z-dKhloroethane 
oaglwium 
oanganese 
oemury 
ilver 
!3.7.8 -tcdd 
rchloroethene 
iranium - total 

l.ODE+Ol 
l.ODE+Ol 
184E+00 
430E+ 00 

NA 
NA 

NA 
NA 
NA 
NA 

1.01E-01 

3.00E+05 
1.12E-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.01E-OB 
S.07E-10 

NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I ITLCR Summation = L ~ E - O E  
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TABLE H.V.2-1 
SUMMARY OF OPTION B HEALTH EFFECTS: 

FOR ALL RECEPTORS 

Target Receptor Risk HI 

Undeveloped 3.OE-06 5.1E-02 

Off-Property Resident Farm 
Adult 3.2E-04 3.5E+00 
Child 1.2E-04 1.7E+01 

Reference ReceDtor Risk HI 

On-Property Resident Farm 
Adult 
Child 

Commercial Andustrial User 

Developed Park User 

Wildlife Reserve User 

Expanded Trespasser 

Meat and Milk Consumer 

Great Miami River User 

5.9E-04 
1.7E-04 

3.4E-05 

6.5E-06 

2.6E-06 

2.1E-06 

3.9E-05 

6.5E-06 

7.1E+00 
3.6E + 01 

2.6E-01 

6.0E-02 

4.4E-02 

6.4E-02 

1.3E+00 

4.4E-01 



P 

IR 
ET 
EP 
ED 
BWa 
AT 
ATa 
cs 

- 
BWXAT 

I n h  h tion ntc d 
Expbrurc time 
Exposure frequcog 
lkposure dun tion 
Body weight (adult) 
Averagc time for carcinogens 
Avcragc time for om-circimgcns (adult) 
Concentration of chemicals in particubtear modeled 

scs 

Table H.V2-2 
Summary of Risk Quantitaioo (chemic&) 

Tar@ Rtcpor:  Undardopd Park ZBa 
Via Inhalation of Putkulatcs 

dliM 

0.83 
1 

40 
6 

1s 
ZSSM 

2 190 
CSV 

Compoud Comxnba tion Units 

antimony 2.0E-09 mum’ 
a r d o r -  US4 1.6E-11 mum3 
arodor-U60 mum’ 
ancnic 3.2E -09 mum’ 
beryllium 3SE- 10 mum’ 
benm(a)pyrcnc 1.1E-11 mum’ 
cadmium 3.OE-10 m g d  
I.2-dichlorocthnc mum3 
magnesium 1.8E-06 m g d  
manganese 4.sE-07 mdm’ 
mercuq 1.w-10 mum3 
sil\lcr l.lE-09 mum3 
2.3.7.8 - tdd  mdm3 
trichlmoethcnc 4.4E-13 m g d  
uranium-total 1.1E-08 mg~m’ 

mgtm’ 

ypllth 

0.83 
2 

la4 
u 
43 

ZSSM 
4380 

CSV 

a!U 

0.83 
2 

40 
38 
70 

2S5.50 
U870 

CSV 

rcnoir 
a8ull 

0.83 m31hour 
1 budday  

26 d a w c a r  
14 yon 
70 kg 

25550 days 
5110 days 
av 



Table H.V.2-2 (comCnmed) 
Smnuuaxy of Risk QuanCtrtion (chemicals) 
TargetRecphr: Undeveloped Park User 

V u  Inhalation of Partialatas 

I HQCalculation 
I CDI 

antimony I 8.OE-12 NA 
imdori1254 
imclor-1260 
iKSeniC 
,eqUium 
ienm(a)~eene 
admium 
I.2-dcHome1hne 
nagmiurn 
nanganese 
netcury 
aver 

ricblometkne 
iranium-total 

!.3,7,8-tcdd 

3E-14 

3E-11 
4E-12 
4E - 14 
2E-12 

3E-09 
BE-09 
9E-13 
SE-12 

8E-lS 
3E-11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.9E-03 

1.4E-OS 
8.6E-OS 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.2E-04 
NA I 

6.9E-09 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I HQ Summation = 1.2E-04 

I ILCR Calculation 
I CDI I CSF I ILCR 

Compund 
antimony I 8.OE-12 NA NA 

I Imdkg-dav)l [mg/kg-day)-* I [utitless 

amclor -1254 
mclor - 1260 

JeqUiurn 
,enm(a)pjrene 
admiurn 
L.2-dcHotoetl~ne 
magnesium 
manganese 
metcury 
dver 

tricbloroetkne 
rranium-total 

i K d C  

1.3.1.8 - tcdd 

3E-14 

3E-11 
4E - 12 
4E- 14 
2E-12 

3E-09 
8E-09 
9E-13 
SE-12 

8E-15 
3E-11 

NA 
NA 

l.SE+Ol 
8.4E+00 
6.1E+00 
6.3E+00 
9.1E-02 

NA 
NA 
NA 
NA 

1 .SE + OS 
6.OE-03 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

1.9E-ll 
1.2E-1 
2.7E-1: 
7.6E-1: 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.E-1' 

I 

I ILCR Summation = 2.1E-1C 

I 



Risk Equation 

IR 
ED 
ET 
EF 
CA 

Summary of Risk Quantitation (radionuclides) 
Target Recptor: Undeveloped Park User 
Via Inhalation of Gases and Particulates 

= CAXEFXEDXIRXET 

Inhalation rate of p e s  
Exposure duration 
Exposure time 
Exposure frequency 
Concentration of radionuclides in air 

R?216+&l 1.4E-07 
R n ,  18E+00 

T% 1.4E-07 
4.2E-07 
4DE-09 -2 + lOd 

U23B+2d 3DE-06 

sr$Q+ld 48E-08 

Thw 
~ r . m  

pcim’ 
pcim’ 
pcim’ 
pcim’ 
pcim’ 
pCi/m3 
pcirn’ 
pcim’ 
pcim’ 
pcim’ 

child 

083 083 083 

1 2 2 
40 104 40 

6 12 38 

CSV CSV CSV 

pcim’ 
pcirn’ 
pcim’ 
pcirn’ 
pCim’ 
pcim’ 
pcirn’ 
pcirn’ 
pcim’ 
pcim’ 

senoir 
adult - 
083 rn3/hour 

14 ycan 
1 hour/day 

26 daystyear 
CSV 

CDI CSF ILCR 
.adionuclides [pCi) (pci)-’ (u ni t ies) 

7.28-04 
9.48+03 
2.48-04 
7.OE-04 
2.1E-03 
2.OE-05 

1SE-02 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.OE-09 
738-13 
6.2E-11 
83E-12 
29E.-08 
l.lE-07 
2SE-08 
2.4E-08 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.1E-12 
688-09 
15E-14 
58E-15 
6.2E- 11 
22E-12 

36E-10 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

73E-09 - I ILCR Summation - 



RirLEaPrtian 

IR 
EF 
ED 
CF 
AT 
AT 
BW 
cs 

= CSXEFXEDXCFXIR 
BW X AT 

[ogstbn rate d soil 

Exposcrr &ration 
Conwrsion factor 
Awrag time forcarchops 
Awrag time for n o n - c a r c e n s  
Body weight 
Conoenkationofckmicalsinsoil 

E- hqwocy 

Table lI.V.2-4 
Summary of Risk Quaatitation (chcmiuk) 

Targel Recptn: Undeveloped Park User 
Via Incidental Ingestion of SoiVScdimnt 

Compound Conaentration Units 

antimony 4 .m+m mglkg 
ardor-1254 2%-a2 mslke 
ardor-1260 . .  m f &  
arrrenic 5.8E+00 mg/kg 

6.6E-01 mg/kg 
2 E - a 2  m& 

beryuim 

6.E-01 mg/kg 
~ ~ o ( a ) P y r e =  

1,2-dichbraeb= mg/kg 
magnesium 4.8E+03 m f &  
mangpase 8.lE+M mglks 
==lDy 2lE-01 mg/kg 
siher 1.8E+OO mg/kg 

trichlorathene 7.6E-04 mglks 
Ulanium-totZ.l 1.2E+o1 mg/kg 

cadmium 

2,3,78-tcdd 

References 

child 

12 
40 
6 

E -06 
25550 
2190 

15 

- 

Esv 

I3 
104 
l2 

E-06 
25550 
4380 

43 
csy 

adult' 
I3 
40 
38 

E-06 
25550 
I3870 

70 
csy 

senoir - adult 

6 WdY 
a5 d a e r r  
14 )ear 

E-06 Wmg 
25550 day 
5110 day 

m1rg 
csv 



Table H.V.2-4 (continued) 
Summary of Risk Quaatitatioa (chemicalti) 
Target Recptor: Undeveloped Park User 
Via Incidental Ingestion of SoiUSediment 

Compound 
antimony 

ane 

HQ Calcula im 
CDI RED HQ 

(mgkg-day) (m&-day) (unit la)  
1.4E-07 4.OE-04 3.48-04 
8.95-10 

2.OE-07 
2.3E-08 
6.9E-10 
2.1E-08 

1.6E-04 
2.8E - 05 
7 x 4 9  
6.48-08 

2.6E- 11 r 4.OE-07 

NA 
NA 

3.OE-04 
5.OE-03 

1.E-03 

9.7E+Oo 
1.4E-01 
3.m-04 
5.E-03 

6.OE-03 
3.OE-03 

NA 

NA 

NA 

NA 
NA 

6.6E-04 
4.6E-06 

2.1E-OS 

1.E-os 
2.OE-04 
2.4E-05 
1.3E-05 

NA 

NA 

NA 
4.3E-09 
1.3E-04 

kmpound 
mt imony 
NOC~IX - 1254 
WOCIU- 1260 
irsenic 
myllium 
,emo(a)pyrene 
admium 
12-dichlcrod hane 
nagnesium 
nanganese 
nacury 
ilva 

richluoethene 
iranium-total 

!.3.7.8-tcdd 

ILCR Calculation 
CDI I CSF I ILCR 

@gkg-day)l (mgkg-day)-l I (unitla: 
1.4E-07 NA NA 
8.E-10 7.7E+00 
IA 7.7E+00 
2.OE-07 1.8E+oO 
2.38-08 4.3E+Oo 
6.9E-10 7.3E+oO 
2.1E-08 NA 
IA 9.1E-U2 
1.6E-04 NA 
2.8E-05 NA 
72E-09 NA 
6.4E-08 NA 
IA 1.5E+o5 
2.6E-11 l.lE-02 
4.OE-07 NA 
IA NA 
IA NA 
IA NA 
IA NA 
IA NA 
l.4 NA 
IA NA 
IA NA 
IA NA 
IA NA 
IA NA 
IA NA 
IA NA 
IA NA 
IA NA 
IA NA 

6.5E-O! 

3.E-0: 
9.8E-(U 
5.OE-O! 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.9E-1: 

ILCR Summation = 4.6E-Oi 
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Table I-LV.2-5 

Summary of Risk Quantitation (radionuclides) 
Target Recptor: Undeveloped Park User 

Via Incidental Ingestion of Soil/Sediment 

Risk Equation = C S X E F X E D X F I X I R  

IR Ingestion rate of soil 
EF Exposure frequency 
ED Exposure duration 
FI Fractional Intake 
cs Concentration of chemicals in soil 

Ra216+&i 3.8E-04 pCimg 
Rnn2 pCimg 
%O+ld 1.2E-04 pCimg 
T% 2.5E-04 pCimg 
%xl 6.5E-04 pCimg 

3.2E-05 pCimg 
pCimg 

"rn+Zd 2.8E-03 pCimg 
pCimg 
pCi/mg 

ThZ32+lOd 
"Zssm 

senoir - child youth @IJ @IJ 

13 13 6 mg/day 12 
40 104 40 26 days/year 
6 12 30 14 year 
1 1 1 1 (unitless) 

csv csv CSV CSV 

pCimg 
pCimg 
pCimg 
pCimg 
pCimg 
pCimg 
pCimg 
pCimg 
pCilmg 
pCilmg 

C D I  CSF ILCR 
(pCi) (pCi)-' (unitless) !adionuclides 

1.6E-05 

4.9E-06 
1.OE-05 
2.6E-05 
1.3E-06 

l.lE-04 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.8E- 10 
1.4E- 12 
3.6E-11 
1.3E- 12 
1.3E-11 
1.7E- 10 
1.6E-11 
2.OE-11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.2E- 14 

1.8E- 16 
1.3E- 17 
3.4E- 16 
2.2E- 16 

2.3E- 15 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.5E- 14 - I ILCR Summation - 



, 
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Table H.V.2-6 
Smmmary of Risk Qoamtitatioa (chemicals) 
Target Recptor: Undevdoped PukUser 
Via Dermal Contactwith SoiVSedimeat 

RistEartion = C S X E F X E D X C F X A B S X A P X S A  
BW X A T  

SA 
AP 
EF 
ED 
CF 
BW 
A T  
A T  
ABS 
cs 

%rfaceareaofexposd skin 
Absurbb’on facbr 
Exposlre bequercy 
Exposlreduraion 
Cbnwsion fador 

Avaage time br c,arcinogens 
Avaagetime brnon-cardnogens 
Absorblion facbr 
&ncmtra(on ofchenicdsin soil 

Bodywfigbt 

child 

2 m  

40 
6 

LE-06 
15 

25550 
2190 

- 

csv 

csv 
csv 

Cbmwund ABS &ncmtraion Units 

Q h O n Y  
amdor -1254 
mdor-1260 
aneniC 

benm(a)pyrme 
Cadmillill 
12-dichlomehme 
m a p d u n  

m-v 
silver 
23.78- tedd 
tichlomehene 
UraniUm-togi 

w u m  

UlHlgdne 

LE-02 4.(E+Oo 
6.E-02 2 s - 0 2  
6.E-02 
1.E-03 5.8E+OO 
1.E-02 6 s - 0 1  
3.E-01 2.E-02 
1.E-02 6.E-01 
3.E-01 
1.E-02 4.8E+03 
1.E-02 8.lE+02 
5.E-02 2.E-01 
1.E-02 1.8E+Oo 
3.E-02 
3.E-01 7m-04 
1.E-02 l .E+01 

N A  

E!!!!l 

4 U8 
csv 
101 
12 

1.000E-06 
43 

25550 
4380 

csv 
csv 

aiul I 

5750 
CN 

40 
38 

LE-06 
70 

25550 
13870 

- 

csv 
csv 

senoir 
- aiUl1 

5750 an2/day 
csv (uniaess) 
26 d a e e a r  
14 year 

LE-06 k#mg 

25550 day 
5110 day 

70 t 

e s ~  ( u n i a a )  
CN 



Table H.V.2-6 (aonfnoed) 

Compound 
antimny 

Smmmrry of Risk Quantitntion (demials)  
TargetRecppor:Undeveloped Park User 
Via Dermal Contactwith SoiySediment 

HQCalculation 
CDI RID HQ 

[mdkg-day) [mdkg-day) (uritless 
4.88-07 6.OE-OS 7.9E-0: 

amclorL1254 
amclor- 1260 
arsenic 
b e d i u m  
bem(a)pyreoe 
cadmium 
1.2-dcHomethne 
magoes um 
mangnese 
mercury 
silver 
2.31.8 - tcdd 
trichlometkne 
uranium-total 

NA 
NA 

2.9E-04 
5.OE-03 

5.OE-05 

4.9E-01 
4.2E-03 
4.SE-OS 

NA 

NA 

NA 
NA 

5.9E-03 
1.SE-04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

2.4E-Ot 
1.6E -0: 

1.4E -0: 

1.2E - 0: 
2.3E-0: 
2.8E-0: 

NA 

NA 

NA 
NA 

4.6E-0 
9.3E-0: 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I HQ sumnution = 4.6E-0; 

I ILCR Calculation 
I CDI I ILCR 

tmc~or 1254 
imclor-1260 
USeniC 
Deqllium 
,em(a)pjrene 
admium 
1,Z-dcHoroethne 
magnes um 
manganese 
meacury 
aver 
1,3.1,8-tcdd 
trichloroetkne 
uranium-total 

NA 
l.OE+Ol 
1 .OE + 01 
1.8E+00 
4.3E+M) 

NA 
NA 

NA 
NA 
NA 
NA 

1.OE-01 

3.OE+05 
1.tE-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.8E-01 

1.3E-07 
3.4E-07 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.1E-11 

I 

I ILCR Summation = 6.SE-01 



Risk Bpurhn 

IRSW 
FP 
ED 
BW 
AT 
AT 
cs 

= CSXEPXEDXIR 
BW X AT 

Ingestion rateofsurhce water 

Eq~~sureduration 

Average time brcardnogens 
Avenge time fornon -cardnogens 
Cbncentrationof&emicalsin surfacewater 

-all? f I q U Q C y  

Bodyweight 

T ~ Y c  II.V.2-7 
Summary of Risk Qoantitatios (cheniuls) 

Target Recptoc Undeveloped Park User 
Via Ingestion While W a d 4  

- child 

2190 
CSV 

Cbmpound Cbncentration Unilr 

antimony 
amdor-1254 
amdor-1260 
arsenic 

bmzo(abyren e 
cadmium 
13-didoroehane 
magreium 
manganese 
memry 
silver 
23.18- kdd 
tdchlomebene 
U d U m - l O t a  

beflum 

1.04E-04 

1.14E-03 
238E-05 
1298-08 

192E+01 
1.42E -01 
1.01 E -03 

5.04E-04 

References 

Iouh 
0.035 

52 
12 
43 

25533 
4380 

csv 

- adult 

13870 
CSV 

smoir - adult 

May 
daydyear 
years 
Lg 
d ay. 

5110 day. 
CW 



Table H.V.2-7 (corntimuad) 
Sommary of Risk Quamtihtiom (chanials) 
Target Recptor: Umdevebped Park User 

Vir Ingestion Wkib Wadi.8 

I HQ Calculation 
I I CDI I RfD I HQ 
Compound I (mdkg-day) I [mdkg-day) I (umtless: 
antimony I2.07E-09 4.00E-04 5.17E-06 
amc~or 1254 
amdor-1260 
arsenic 
beqllium 
benm(a)pyrene 
cadmium 
1,2-1icHometkme 
magnesi um 
manganese 
melcury 
silver 
2.3.7.8-tcdd 
trichlometkne 
uranium-total 

NA 
NA 
3.00E-04 
5.00E-03 

1.00E-03 

9.70E+00 
5.00E-03 
3.00E-04 
5.00E-03 

6.00E-03 
3.00E-03 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
7.558-05 
9.468-08 

NA 
NA 
NA 
3.938-05 
5.65E-04 
6.69E-05 

NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA . 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.348-06 

I 

[ HQ Sumnution = 7.55E-M 

Compound 
antimny 
amclor- 1254 
amclor- 1260 
arsenic 
beflium 
benm(a)pene  
cadmium 
l.2-dcHometbane 
magnesium 
manganese 
melcury 
silver 
2,3,7,8-t~dd 
trichlometkne 
uranium-total 

ILCR Calculation 
CDI I CSF I ILCR 

2.278-08 
4.73E-10 
2.568-13 
JA 

JA 
JA 
JA 
JA 

JA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
iA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 

7.70E+00 
7.70E+00 
1.75E+00 
4.30E+00 
7.30E+00 

NA 

NA 
NA 
NA 
NA 

9.10E-02 

1.50E+ 05 
1.10E - 02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
3.97E-0( 
2.03E-0! 
1.87E-1; 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

[LCR Summation = 4.17E-08 



Table HV2-8 
Ssmmrry of Risk Quaatitrtioa (ckemiuls) 

TargetRecptor. Umdevebped Park User 
Via Dermal Combct Wh& Wadin8 

EP X E D  X DA X SA 
B W X A T  

FP Eapomrefrequmcy 
ED Eapomrcduraiion 
BW Bodyweigbl 
AT Average lime forcaninogms 
AT Average h e  fornon -cattinogens 
SA Skin surface area 
DA d~emicalsspecilcdemal absorbeddose 

a d  
52 
12 
43 

2554) 
2190 4380 

5130 
CSV csv 

Bmpound DA uni 1s 

antimony 
amdor-1254 
amdor-1260 
arsenic 

bmzo(a&yrm e 
CadmiUm 
12-didoroethane 
magpdum 
manganese 
m e m r y  
silver 
23,7,8-(Cdd 
trichlomeQene 
UraniUm-IDld  

befiUm 

1.04E-09 

1.14E-08 
238E-10 
7.29E-10 

192E -04 
1.428-06 
l.0lE-08 

5.048-09 

mg/cm2-day 
mg/cm2-day 
mg/cm2-day 
mg/cm2-day 
mg/cm2-ciay 
mg/cm2-d ay 
mg/cm2-ciay 
mg/cm2-d ay 
m g/cm2 -d ay 
mg/cm2-ciay 
mg/cm2-day 
mg/cm2-d ay 
mg/cm2-day 
mg/cm2-day 
mg/cm2-day 
mg/cm2-day 

Referm ces 

senoir 
- add1 

d a w e a r  
years 
43 
days 

au’ 
13870 SllOdays 

csv csv 

DA unitr Bmpound 

m dcrn’d ay 
mg/cm2day 
mg/cm’day 
m g/cm’-d ay 
m g/cm’d ay 
m g/cm’d ay 
mg/cm’day 
lOg/cm’day 
mg/cm’day 
m g/cm2day 
mg/cm’day 
mg/cm’day 
mg/cm2day 
m g/cm’-d ay 
mg/cm’day 



Table X V 3 - 8  (mmtinred) 
Summary of Ri& Qormthtbm (ekemiah) 
TarnetRecnbr: Umdevelod Pa& User 

Compound 
anhmnv 

HQCalculahon 
CDI RID HQ 

(mdkg-day) (mdkg-day) (uoitless] 
3.03E-09 6.00E-OS 5.0SE-05 

amdor-1254 
arodor-1260 
arsenic 
b e w i u m  
bem(a)pyrene 
cadmium 
1.2-dcHometbane 
magmi  um 
manganese 
menury 
silver 
23.7.8-tcdd 
trichloroetkne 

Compound 
anhmnv 

ILCR Calculation 
CDI CSF ILCR 

(mjdkg-day) [mjdkg-day)-' (uoidess' 
3.03E-09 NA NA 

I uranium-total ,478-08 1.SOE-04 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA NA 
NA NA 
3.328-08 2.8SE-04 
6.93E-10 S.OOE-03 
2.12E-09 NA 
NA S.OOE - OS 
NA NA 
5.S9E-04 4.8SE-01 
4.148-06 4.20E-03 
2.94E-08 4.50E-OS 
NA NA 
NA NA 
NA 5.888-03 

NA 
NA 
1.17E-04 
1.39E-07 
NA 
NA 
NA 
l.lSE-03 
9.8SE-04 
6.548-04 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

9.798-05 

NA 
NA 
3.328-08 
6.93E-10 
2.12E-09 
NA 
NA 
5.S9E-04 
4.148-06 
2.94E -08 
NA 
NA 
NA 

I HQ Summation = 3.06E-03 

aroc~or-12~4 
amclor - 1260 
arsenic 
beqllium 
bem(a)pyrene 
cadmium 
1.2-&Homethane 
magnesium 
manganese 
menury 
silver 
2.3.7.8- tcdd 
tncliometkne I uranium-total 7E-08 

1.03E+01 
1.03E+01 
1.84E+OO 
4.30E+OO 
NA 
NA 

NA 
NA 
NA 
NA 

1.01E-01 

3.OOE+OS 
1.12E-02 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
6.12E-Ot 
2.98E-OS 
NA 
NA 
NA 
NA ' 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I ILCR Summation = 6.42E-08 

I 
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lisk Equation 

IRsw 
EF 
ED 
cs 

Table H.V.2-9 
Summary of Risk Quantitation (radionuclides) 

Target Recptor: Undeveloped Park User 
Via Incidental Ingestion while Wading 

= C S X E F X  EDX IRsw 

Ingestionrate of sufacewata 
Exposure bequency 
Exposure duration 
Coweneation of radionuclides insurface wata 

1 . S - 0 3  pCin 
p C i  

p C i  
l.lE+OO p C i  

3.1E-03 pCVl 
1.7E-04 p C i  
7.58-03 p C i  
1.7E-01 p c i  

p C i  
p C i  

- child youlh 

0.035 
52 
12 

csv csv 

pcin 
p C i  
pcin 
pcin 
pcin 
pcin 
p C i  
P C i  
p C i  
p C i  

adult - 

Qv 

senoir 

VdaY 
dayslyear 
Years 

CSV 

Radionuclides (pCi) (unitless) 

3.2E-02 
NA 

NA 
2.4E+01 

6.78-02 
3.6E-03 
1.6E-01 
3.7E+00 

NA 

7.8E- 10 
1.4E- 12 
3.6E- 11 
1.3E- 12 
1.3E- 11 
1.7E- 10 
1.6E- 11 
2.OE- 11 

NA 

2.5E-11 
NA 

NA 
8.6E- 10 

8.7E- 13 
6.2E- 13 
26E- 12 
7.3E- 11 

NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 

9.6E- 10 - I ILCR Summation - 



6349 

Table H.V.2- 10 
Summary of Risk Quantitation (radionuclides) 

Target Recptor: Undeveloped Park User 
Via External Radiation 

Zxposurc Equation = [CR X EF X ED X ET, X (I-SHJ]+[CR X EFX ED X ET-, X (1-SHI)] 

senoir 
@ y o u t h - @  

EF Fractionof year spent apmured  0.11 0.28 0.11 0.07 (unitless) 
ED Exposure duration 6 12 38 14 years 
ET. Fraction of day spent outdoors 0.04 0.08 0.08 0.04 (unitless) 
ET1 Fraction of day spent indous NA NA NA NA NA 
SHi Shield factor indoors 0.5 0.5 0.5 0.5 (unitless) 

Shield factor outdoors (unitless) 
Radionuclide specific concentrations csv csv CSV csv 

3.8E-01 pCVg 

1.2E-01 pCi/g 
2.5E-01 pCig 
6.S-01 pCig 

NA Pcyg 

3.2E-02 pc ig  
NA PCVI3 

NA P W  
NA P W  

28E+00 pCVg 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

CDI CSF ILCR 
Radionuclides (year pCilR) (dpci-yearb-' (unitless) 

2.6E-01 

8.OE-02 
1.m-01 
4.3E - 01 
21E-02 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.9E+00 

6.OE-06 
1.2E-09 

6.OE- 13 
5.4E- 11 
8.5E-06 
248-07 
5.1E-08 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.5E-06 
NA 
NA 

1.OE- 13 
23E-11 
1.8E - 07 

9.4E-08 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.8E-06 - I ILCR Summation - 



IR 
EF 
EDn 
EDC 
BW 
ATc 
ATn 
cs 

P 

Table K V 2 - 1 1  
Summary of  Risk Quadilation (chemic&) 

Tugd Receptor: Off-Ropexty Farm Rcsidcnt (Aduk) 
Via Inbdilion of  PutLulat~cs 

Inbatation rate d pres (RAGS, 1989) 
exporurc frcqucnq 
@xposure duration for non-carcinoens 
Exporurc duration for arcinogcns 
Body weight 
Average time for archogens ( la the)  
A v c n p  time for non-archgens (EDn 1365) 
Concentxa tion of chemicals in soil 

- 
BWXAT 

Compound Concentration Units 

antimony 
a r d o r -  12S4 
a r d o r  - 1260 
arsenic 
beryllium 
henm(s)pyrcnc 
admium 
1.2-didoroetb 
magnesium 
manDnese 
mercury 
silwr 
2.3.7.8 -tcdd 
trichlooethenc 
uranium-tal 

ne 

1.2E-09 
1.2E- 11 

2.28-09 
2.SE-10 
9.3E-12 
2.4E-10 

1.3E-06 
3.4E-07 
7.7E-11 
6.OE-10 

6.4E-13 
6 .38-09  

20 m%ay 
3 9  daydyear 
70 Year 
70 Year 
70 kg 

2 5 5 9  Lyr 
2 5 s 9  dayr 

(see table helow) 

. -  

.- 
. .  



Table H.V.2-11 (comtinmed) 
Summazy of Risk Qaamtiiatiom (chemicals) 

Target Receptor: Off-Propertyhm Resident (Adult) 
Via Inhalatiom of Partiemlabs 

HQ Calculation 
CDI RID HQ 

CompJund (mdlrp-day) (mdlrg-day) (uliPess) 
anCmny 3.2E-10 NA 
I amclor-1254 I 3.2E-12 
amclor- 1260 
arsenic 
begilium 
benm(a)plrene 
cadmium 
1,2-dctlomethane 
magnesium 
manganese 
mercury 
silver 

tricblometkne 
uranium- total 

2,3,7,8- tcdd 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.98-03 

1.4E-05 
8.6E-OS 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.58-03 
2.58-07 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I I 
I Hanrd  Quotient Sum = 6.58-03 

Compund 
anfimony 
amclor-1254 
amclor- 1260 
arsenic 
begilium 
benm(a)pyrene 
cadmium 
1,2-&cUometbane 
magoen um 
manganese 
mercury 
silver 
2,3.7,8-lcdd 
tricbloroetkne 
uranium - totd 

ILCR Calculation 
CDI I CSF 1 ILCR 

Imdk-day)I (mdkg-day)-' I (ulitless 
3.2E-10 NA NA 
3.2E - 12 

6.1E-10 
6.9E-11 
2.6E-12 
6.7E-11 

3.5E - 07 
9.3E-08 
2.1E-11 
1.6E-10 

1.8E-13 
1.7E-09 

JA 

JA 

JA 

1A 
1A 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 

NA 
NA 

1.5E+01 
8.4E+00 
6.1E+00 
6.3E+00 
9.1E-02 

NA 
NA 
NA 
NA 

l.SE+OS 
6.OE-03 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

9.2E-0 
5.8E- 11 
1.6E-1 
4.2E- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.1E-1. 

1.OE-0( [LCR Summation = 



t i s t  Equation 

IR 
EF 
EDn 
ca 

Table ILV.2-12 
Summary of Risk Quantitation (radionuclides) 

Target Receptor: Off- Property Farm Resident (Adult) 
Via Inhalation of Gases and Particulates 

CaX EFX EDn X IR - - 

Inhalation rate of gases (RAGS, 1989) 
Exposure frequency 
Exposure duration . 
Concentrationof radionuclides inair 

6.2E-OB 
8.OE-01 
2.4E-OB 
3.3E-07 
2.4E-07 
1.7E-09 
5.OE-09 
1.6E-06 

20 m’lday 
350 daysbear 
70 Year 

(see table below) 

CDI CSP ILCR 
ladionuclides ( p a )  (pa l - ’  (unitless) 

3.OE-02 

1.2E-02 
1.6E-01 
1.2E-01 
8.5E-04 
2.4E-03 
7.7E-01 

3.9E+M 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.OE-09 
7.3E- 13 
6.2E- 11 
8.3E- 12 
2.9E-08 
l.lE-07 
2.5E-08 
~ A E - Q  

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.1E- 10 
2.98-07 
7.4E- 13 
1.4E- 12 
3.5E-09 
9.4E- 11 
6.1E- 11 
1.9E-08 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.1E-07 - I ILCR Summatioa - 



IRs 
CP 
EP 
EDn 
EDC 
Bw 
ATc 
ATn 
cs 

Table H.V2-13 
Summary of Risk Quaditation (chemicak) 

Target Receplor: Off-Ropexty Farm Raided  (Adult) 
Via Incidedal Ingestion of Soil 

- 
BWXAT 

Ingestion ~ 1 c  of soil (RAGS, 1989) 
Convcnion factor 
Erposure frequency 
Exposure dura tion for non-carcinopFnr 
Exposure duration for carcinogens 

Avcrag time for a r c h g e n s  (liktimc) 
Avcrag time for om-carcinogens (EDn x365) 
CoDcentp tion of chemicals in roil 

Body wight 

Compound Concenha tion Units 

antimony 1.3E+00 m w b  
a r d o r -  US4 2.28-02 m&5 
ardor-U6O mg/LEi 
a rsenic 3.8E+00 m g k s  
beryllium 4.SE-01 m f l . 3  
benm(a)pyrcne 2.OE-02 

1.2-dirhlorocthanc mg/Lg 
magnesium 2.28+03 mg/Lg 
mangrnesc 6.5E+02 mdlrg 
mercury S.5E-02 mdLg 

2.3.7.8 - t d d  mg/Lg 
trichloocthcnc 2.0E-03 mg/Lg 
uranium- total 7.2E+00 mdLs 

mg/Lg 

cadmium 4.9E-01 . mg/Lg . 

S i l K l  4.8E-01 ' m.ykg 

180 muday 
1.OE-06 kdmg 

350 dayrryear 
70 Year 
70 Year 
70 kg 

25550 dap 
25550 dap 

(see table below) 

Compound CoDcentntion Units 



Table H.V.2-13 (continued) 

CDI Rm 

Summary of Risk Qoamtitatiom (chkicds) 
Target Receptor: Off-Property Farm Resident (Adult) 

HQ 
Compound 
antimony 
UOC~CU - 1254 
U O C ~ O ~  - 1260 
arsenic 
b a  yllium 
bemo(a)pyrene 
cadmium 
12-dichluoet hane 
magnesium 
manganse 
macury 
SikR 
2.3.7.8 -1 cdd 
trichluoethene 
uranium-total 

dentalingistion of Soil ' 

I ILCR Calculation 
I CDI I ILCR 

uoclor 1254 

m i c  , 

~ ~ y l l i u m  
)enzo(a)pyrene 
:admiurn 
1.2-dichluoet hane 
nagnsium 
nanganse 
nacury 
ilva 

richluoethene 
iranium-tota! 

UOCICC - 1260 

!.3,7.8-tcdd 

7.7E+OO 
l.lE+OO 
1.8E+OO 
4.3E+OO 
1.3E+OO 

NA 

NA 
NA 
NA 
NA 

9.1E-02 

l.SE+OS 
l.lE-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.2E-0: 

1.6E-01 
4.8E-0( 
3.6E - 0: 

NA 

NA 
NA 
NA 
NA 

5.4E-11 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

IILCR Summation = 2.2E-05 

.. . 
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Table H.V.2- 14 
Summary of Risk Quantitation (radionuclides) 

Target Receptor: Off-Property Farm Resident (Adult) 
Via Incidental Ingestion of  Soil 

Wsk Equation - - CS X EFX E h  X FI XIR 

IRS 
EF 
EDIl 
FI 
cs 

Ingestion rate of soil (RAGS, 1989) 
&posure frequency 
&posure Duration 
Fractional Intake . 
Concentration of radionuclides in soil 

pCimg 
pCihng 

1.5OE-05 pCihg 
25OE-04 pCi/mg 
2.65E-04 pCi/mg 

pCimg 
219E-05 p C i g  
1.32E-(M pCimg 

pCihng 
pCi/mg 

180 mg/day 
350 daysbear 
70 Year 
1 (unitless) 

pCimg 
pCi/mg 
pCi/mg 
P C h g  
pCi/mg 
pCimg 
pCimg 
pCi/mg 
pCi/mg 
pCi/mg 

:adionuclides (pCi) (unitless) 

NA 
NA 
6.62E+O1 
l.lOE+O3 
1.17E+O3 

9.66E+o1 
5.82E+(M 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.80E- 10 
1.4OE- 12 
3.60E - 11 
1.3oE- 12 
1.3OE-11 
1.7OE-10 
1.60E- 11 
2.00E- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
2.38E-09 
1.43E - 09 
1.52E-08 

1.55E-09 
1.16E-07 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 



Table H.V2-15 

Tugct Recepor: Off-Property Farm Resided (Adult) 
Via Dermal Contact wZh Soil 

Summary of Rbk Quantit.tioa (chemic&) 

SA 
AF 
ABS 
CF 
EF 
ED0 
EDc 
BW 
ATc 
ATn 
cs 

Surhce area of exposed skin (50th pcrccntile. handc only) 
Sail to skinadherena bctor (RAGS, 1989) 
chcmbls spccificabrorbtion factor (see table below) 
Conversion Factor 
Exposure frequency 
-UIC dumtion for non-carcin~gcnr 
Exposure dum tion for carcinogcnr 
Body weight 
Avcngc time for carcimgcns (liktime) 

Conccntm tion of chemicals in soil 
A v c ~ ~  time for nm-carcirngeo~ (EDn ~ 3 6 5 )  

antimony 

arodor-l260 
arsenic 
beryllium 
benm(a)pyrcnc 
cadmium 

magnesium 
manganese 
mercury 
silver 
2.3.7.8-lcdd 
trichlarocthene 
um nium - total 

aIodOI-U54 

1.2-dichl010~thn~ 

1.00E-02 
6.00E-02 
6.00E-02 
1.00E-03 
1.00E-02 
3.00E-01 
1.00E-02 
3 .WE -01 
1.00E-02 
1.00E-02 
5.00E-02 
1.00E -02 
3.00E-02 
3.00E-01 
1.WE-02 

NA 

1.30E+ 00 
2.U)E-02 

3.798+00 
4.49E - 01 
2.00E-M 
4.90E - 01 

2.19E+03 
6.47E+02 
S.5OE-02 
4.80E -01 

2 .ME - 03 
7.20E+ 00 

r cm4da 
1 mgtcm 

1E-06 kglmg 
a v  

350 damcar 
70 Year 
70 Year 
70 kg 

25550 days 
25550 dap 

. .  ;.. 
', . 

."  



Table H.V.2-15 (amtiaoed) 

Compound 
antinnny 
amclor-1254 

ILCR Calculation HQCalculation 
CDI RfD HQ CDI CSP ILCR 

(mdk-day) [mglkg-day) (umtlessl Compound [mglk,q-day) (ma/b-day)-' [uaitless 
1.02E-06 6.00E-OS 1.71E-02 antinnny 1.02E-06 
1.04E-07 NA NA amclor - 1254 1.04E - 07 

amclor-1260 
arsenic 
beqllium 
, e m ( a ) m e m  
admiurn 
I,2-dcHometha 
magnesium 
nanganese 
nercury 
dver 

:richlometkne 
mmium-total 

L,3,7.8 - tcdd 

me 

NA 
2.99E-07 
3.548-07 
4.738 - 07 
3.86E-07 

1.73E-03 
S.10E-04 
2.178-07 
3.788-07 

NA 

NA 
4.738-08 
5.67E-06 

NA 
2.8SE-04 
5.00E - 03 
NA 

NA 
5.00E-OS 

4.858-01 
4.20E-03 
4.508-05 
NA 
NA 
5.88E-03 
1.50E-04 

bA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
- N A  NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA' NA 

-HQ Summation = 1.93E-01 

NA 
1.05E- 03 
7.07E-05 
NA 

NA 
7.72E-03 

3.56E-03 
1.21E-01 
4.81E-03 
NA 
NA 
8.04E-06 
3.78E-02 

amclor- 1260 
arsenic 
beqllium 
bem(a)pyrene 
cadmium 
1,2-dcHometk.ne 
maglvsium 
manganese 
mercury 
silver 
2.3.7,a-lcdd 
trichlometkne 
uranium -total 

9E-07 
4E-07 
3E-07 
6E-07 

3E-03 
OE-04 
7E-07 
8E-07 

3E-08 
7E-06 

NA 
1.03E+01 
1.03E+01 
1.84E+&l 
4.30E+00 
NA 
NA 

NA 
NA 
NA 
NA 

1.01E-01 

3.00E+05 
1.12E-02 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.07E-0 

5.5OE-0 
1.52E-Q 
NA 
NA 

NA 
NA 
NA 
NA 

5.30E-11 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 

I ILCR Summation = 3.14E-0( 

I 



Table 11.V2-16 
Summary of Risk Quantilatian (&cmic.Ls) 

Target Receptor: Off-Property Farm Reid-  (Aduk) 
Via Drinking W a t a  Ingcstion 

P - 
BWXAT 

IR 
EP 
EDn 
EDC 
BW 
ATc 
ATn 
cs 

Ingestion mtc of groundwater (RAGS, 1989) 
Exponrre frequency 
Exporure duetion for non-carcinopns 
Exposure due  tion for ca rcinogens 
Body weight 
A v e n g  time for tarsinogens (libtime) 
A v c e p  time for nm-srcinogcns (EDn x365) 
Comxntration of chemicals in groundwlcr 

Compoud Concentration Units 

antimony 
rodor- E54 

arodor-lZ60 
ancnic 
beryllium 
benzo(s)pyrcne 
cadmium 
1.2-didoroctbane 
magncshm 
manganese 
mercury 
SilWX 
2.3.7.8-lcdd 
trichlaocLcnc 
urn nium - tdal 

2.69E - 04 

1 .OS@ + 00 
6.388-03 
1.998-06 

5.61E-03 

2 ucby 
350 daybycar 
70 Year 
70 Year 
70 kg 

25550 days 
25550 days 



. * .  
CDI 

)ompound (mdkg-day) 
. :  
, 

RfD HQ 
(rndk-day) (uritless' 

.. .. 
... 

Table H.V.2-16 (amtiaued) 
Summary of Risk Quantitrtioa (chsnials) 

Target Reaepbr: Off-property firm Rssidsmt (Adolt) 

imdor-1254 
imclor-1260 
IrSeniC 
ierJlium 
iem(a)pyrene 
idmium 
1.2-dciiotoethne 
n a g d u r n  
nangrnese 
nercury 
aver 
!.3,7,8- ledd 
richlometkne 
iraniurn-total 

NA 
NA 
3.00E-04 
5.00E-03 

1.00E-03 

9.70E+00 
5.OOE-03 
3.00E-04 
5.OOE-03 

6.00E-03 
3.00E-03 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 
NA 
NA 

2.45E-02 

2.97E-03 
3.49E-02 
1.82E-04 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.12E-02 

I 
I HQ Summation = 1.14E-01 

imdor - 1254 INA 
imclor-1260 
IrSeniC 
IeqUium 
Iem(a)pjrene 
rdmium 
1.2-dcHomethne 
nagnesium 
nangrnese 
nercury 
fver  
!.3.7,8-tcdd 
richloruethene 
rranium - total 

7.70E+00 
7.70E+00 
1.75E+00 
4.30E+00 
7.30E+00 

9.10E-02 
NA 

NA 
NA 
NA 
NA 
1.5OE+O5 
1.10E - 02 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.29E-OS 

I 
I ILCR Summation = 1.29E-05 



lisk Equation 

IR 
EF 
EDn 
FI 
cw 

Table KV.2- 17 
Summary of Risk Quantitation (radionuclides) 

Target Receptor: Off-Propexty Parm Resident (Adult) 
Via Ingestion of Drinking Water 

- - CW X EFX EDn X FI X IR 

Ingestion rate of groundwater (RAGS, 1989) 
Exposure fmquency 
Exposure duration 
Fractional Intake for radionuclides 
Concentration of radionuclides in groundwater 

P a  
P a  

P a  
P a  

P a  
P a  

5.4E-06 pCin 
4.2E-01 p a  

8.3E-02 p a  
1.9E+00 p a  

2 Vday 
350 daystyear 
70 Year 

1 (Unitless) 
(see table below) 

CDI CSF ILCR 
Ladionuclides (pG) (pG)-' (unitless) 

NA 
NA 

2.6E-01 
2.OE+04 

NA 
NA 

4.1E+Q7 
9.2E+04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7%- 10 
1.4E- 12 
3.6E- 11 
1.3E- 12 
1.3E- 11 
1.7E- 10 
1.6E- 11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

9.5E- 12 
2.78-08 

NA 
NA 

65E-08 
1.8E-06 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.9E-06 - I ILCR Summation - 



DA 
EP 
ED0 
E D C  
BW 
ATc 
ATn 
SA 

Denml a b s a k d  dose 

Exposure dura tion for non-sarcinopu 
Exponrrc frequeng 

Exponrrc dura tion for G3rchogens 
Body Weight 

AVCtaS h C  fOr~Ul -cdrC~gClU (mn ~365) 
Average time for tarcinogcns (libtime) 

Skinrurbcearca auiilable forcontact 

Table LI.V2-18 
Summary of Risk Quantitatioa (Cbcmiclls) 

Tu@ Rccepor: Off-Property F u m  Reiidcd (Adult) 
Via Dermal Contact while Bathing 

DAXEFXEDXSA 
BWXAT 

Compoud DA Units 

antimoq 
arodor-US4 
ardor-  lZ6O 
arsenic 
beryllium 
benm(a)pyrmc 
cadmium 
1.2 - didoroctb 
magneshm 
mangncrc 
mercury 
rilwx 
2.3.7.8-lcdd 
trichlaocthcnc 
uranium-total 

I ne 

NA mg/cm2-&y 
NA mg/cm2-&y 
NA mgtcm2-&y 
6.728-10 mgkm2-&y 
NA mg/cm’-&y 
NA mg/cm2-&y 
NA rng/cm2-&y 
NA mg/cm2-&y 
2.63B-06 mg/cm2-&y 
1.598-08 mglcm2-Ly 
4.988-!2 mgtcm2-Ly 
NA mg/cm2-&y 
NA mg/cm2-&y 
NA mgtcm2-cIay 
I.~OE-OS mg/cm2-&y 

NA mg/cm2-Ly 

av mg/cm2-&y 
350 dayafyear 
70 Year 
70 Year 
70 kg 

25550 Lp 
25550 Lp 
23000 em2 

Compoud DA Units 

. .  . 



HQ Calculation 
I I CDI I RID I HQ 
Compund 
antimny 6.00E-05 NA 

I (mdk-day) I fmdk-day) I (uoidess) 

I I H Q  Summation = 3.31E -02 

I . ILCRCalculation 
I CDI 

arvc~or -1254 
amclor- 1260 
arsenic 
beqllium 
benm(a)pyrene 
cadmium 
1.2-dcHoloethne 
magnesium 
manganese 
metcury 
dver 

tricldomethene 
uranium- total 

2.3.7.8-lcdd 

2E-07 

9E-04 
2E-06 
7E-09 

2E-06 

NA NA 
NA NA 
2.85E-04 7.428-04 
5.00E-03 NA 
NA NA 
5.00E-05 NA 
NA NA 
4.8SE-01 1.71E-03 
4.208-03 1.20E-03 
4.50E-05 3.49E-05 
NA NA 
NA NA 
5.88E-03 NA 
1.50E-04 2.94E-02 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA' NA 
NA NA 

imc~or 1254 
lmclor-1260 
IrSeniC 
Ieqllium 
Ienm(a)p,-?ene 
rdmium 
1,2-dcHoloethne 
nagneuum 
nanganese 
nerury 
dver 
!.3,7.8- tcdd 
richlorvetkme 
iranium - total 

1.03E+01 
1.03E+01 
1.84E+00 
4.30E+ 00 
NA 
NA 

NA 
NA 
NA 
NA 

1.01E-01 

3.00E+05 
1.12E-02 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA ' 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.90E - 07 

l 1 X R  Suamutiou = 3.90E-07 



0 

IR 
FI 
EF 
EDn 
EDC 
Bw 
ATc 
ATn 
cs 

- 
BWXAT 

Table H.V2-19 
Summary of Risk Quaditaim (chemic&) 

Tu@ Reccpor: Off-Ropaty Farm Resident (Adult) 
Via Ingestion of Meat Produds 

Ingestion a t e  of meat 
Fnction ingested fran conhminated SOUIEC 

Exposure tcqucney 
Exposure dun tion for non-carcinopu 
Exposure dun tion for carcinqgcns 
Body weight 
A v c n g  timc for carcinogens (lifetime) 
Avenpc time for nm-carcinogens (EDn x365) 
Concentra tion of chemicals in meat 

Compoud Concentration Units 

antimony 
a r d o r -  US4 
a r d o r -  E60 
arsenic 
beryllium 
bcnzo(a)pyrenc 
cadmium 
1.2-di~-hloroctha nc 
magncrium 
manganese 
mcrcuty 
S i l K l  

2.3.7.8-tcdd 
trichlrroethenc 
uranium-total 

1.4E-05 
6.7E-01 

1.9E-05 
4.5E-07 
6.8E-07 
7.5E-06 

S.SE-41 
3.4E-03 
6.3E-01 
3.0E-05 

1.OE-09 
1.4E-06 

0.1 kgktay 
0.75 (Unitless) 
350 daywycar 
70 Year 
70 Year 
70 kg 

25550 day5 
25550 dayr 



Table H.V.2-19 (amtimued) 
Summary of Risk Qmaditatioa (chsmials) 

Target Receptor: Off-Propsrtyhm Resident (Adult) 
Via Ingestioa of Meat P d m c t s  

HQ Calculation 
CDI RfD HQ 

Compound [mdk-day) [mplk-day) [uritless' 
antinwny 1.4E-08 . 4.OE-04 3.5E-05 

I amc~or-125-1 I 6.9E-10 
amclor- 1260 
arsenic 
beqllium 
benao(a)pyrene 
cadmium 
1,2-dcHometbane 
magnesium 
manganese 
mercury 
silver 
2.3.7.8- tcdd 
tncblometkne 

1.9E - 08 
4.6E-10 
7.OE- 10 
7.88-09 

5.7E-04 
ME-06 
6.48-07 
3.OE-08 

1.OE-12 
I uranium-totd 4E-09 

NA 
NA 

3.OE-04 
5.OE-03 

1.OE-03 

9.7E+00 
1.4E-01 
3.OE-04 
S.OE-03 

6.OE-03 
3.OE-03 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA . 

NA 
NA 

6SE-O! 
9.2E-08 

NA 

NA 
7.8E-Ot 

5.9E-0! 
2SE-O! 
2.1E-03 
6.1E-Of 

NA 
1.7E-1C 
4.8E-0; 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I HQ Summation = 2.38-03 

Compund 
antimay 
amclor-1254 
amclor-1260 
arsenic 
beqllium 
benao(a)pyrene 
cadmium 
1.2-dclonetbane 
magaesium 
manganese 
mercury 
silver 
2.3.7.8-tcdd 
tnchloroetkne 
uranium-total 

ILCR Calculation 
CDI CSF ILCR 

[mdk-day) [mdkg-dayl-' (uridess' 
1.4E-08 NA NA 
6.9E-10 
IA 
1.9E-08 
4.6E-10 
7.OE-10 
7.88-09 
IA 
5.7E-04 
3.SE-06 
6.48-07 
3.OE-08 
IA 
1.OE-12 
1.4E-09 

IA 
IA . 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 

7.7E+00 
7.7E+ 00 
1.8E+00 
4.3E+00 
7.3E+00 

9.1E-02 
NA 

NA 
NA 
NA 
NA 

1.5E+OS 
l.lE-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.3E-OS 

3.4E-06 
2.OE-OS 
5.1E-OS 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA . 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

l.lE-14 

LCR Summation = 4.7E-08 



Table H.V.2-20 
Summary of Risk Quantitation (radionuclides) 

Target Receptor: Off-Property Farm Resident (Adult) 
. Via Ingestion of Meat Products 

CfX EFX EDn X FI X IR - Risk Equation - 

IR Ingestion rate of meat 0.1 kg/day 
FI Fraction ingested fmrncontaminated source 0.75 (Unitless) 
EF Exposure frequency 350 daysfyear 
EDn Exposure duration 70 Year 
Cf Concentration of radionuclides in m a t  

3.88-09 

5.6E-04 

8.6E-07 
9.5E- 13 
4.9E-06 
2.6E-04 

NA 

1.OE+00 

CDI CSF ILCR 
.adionuciides (PCi) (pa)- '  (unit less) 

6.9E-06 
NA 

1.OE+00 
1.9E+00 
1.6E-00 
1.7E-09 
9.OE-00 
4.8E-01 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA ' 

NA 
NA 
NA 

7.8E- 10 
1.4E- 12 
3.6E-11 
1.3E- 12 
1.3E-11 
1.7E- 10 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.4E- 15 

3.7E- 11 
2.4E-09 
2.1E-14 
3.OE- 19 
1.4E- 13 
9.7E- 12 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.5E-09 - I ILCR Summation - 



Table K V 2 - 2 1  
Summary of Rbk Quaotitalion (chemicak) 

Target Receptor: Off-Property Farm Rcsidcnt (Adul) 
Via Ingstion of Dairy Produds 

IR 
PI 
EP 
EDn 
EDc 
Bw 
ATc 
ATn 
cs 

Ingestion rate of dairy prodwts 
Fraction ingested from conhmimted IOUIEC 

Exporurc frcqucney 
Exposure duntion for non-carcinognr 
Exposure duntion forcarcinogens 
Body weight 
Averas time for carcinogens (liktimc) 
Avcrap time for non-carcinogens (EDn x365) 
Concentration of chemicals inanimal prodwts 

Compoud Concenbation Units 

antimony 
a rodor- l254 
a rodor - l260 
a ncnic 
beryllium 
benm(a)pyrcnc 
cadmium 
1.2 - diddoroeh 
magnesium 
manganese 
mercury 
silwr 

trichlaocthene 
unnium-total 

2.3.7,a-t~dd 

l.4E-03 
2.1E-04 

5.7E-04 
4.0E-07 
2.2E-04 
1.4E-02 

4.4@+02 
2.9EM0 
l . lE-03  
2.0E-0 1 

3 . 2 8 4 7  
4.2E-03 

0.4 W y  
0.75 (Unitless) 
350 da*ar 
70 Year 
70 Year 
70 kg 

25550 dap 
25550 days 

: '  
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HQ Calculation 
CDI RfD HQ 

(mpjkg-day) (mpjkg-day) (unitless1 
5.6E-06 4.OE-04 1.4E-02 

Table H.V.2-21 (amtinuid) 
Summary of Risk Quantitation (chemials) 

Target Recepbr: Off-property him Resident (Adult) 
Vu Ingestion of Dairy Products 

amclor-1254 
amclor-1260 
arsenic 
YeqUium 
)enm(a)pyrene 
ndmium 
1.2-bcHoiuetkane 
nag& um 
nangnese 
nercury 
Pver 
!.3,7.8 -tcdd 
richlomethene 
iranium -total 

NA 
NA 

3.OE-04 
5.OE-03 

1.OE-03 

9.7E+00 
1.4E-01 
3.OE-04 
5.OE-03 

6.OE-03 
3.OE-03 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA. 

NA 
NA 

7.88-03 
3.3E-07 

NA 

NA 
5.6E-02 

1.9E-01 
8.6E-02 
1.5E-02 
1.6E-01 

NA 
2.2E-07 
5.8E-03 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 

. I  HQ Summation = 5.4E-01 

I ILCR Calculation 
I CDI I ILCR 

NA NA 
amclor-1254 
amdor- 1260 
arsenic 
)eflium 
>en?o(a)pjrene 
admium 
1,Z-dcHoroetkane 
magnesium 
manganese 
nercury 
dver 

.richlometkne 
Jranium-total 

t.3.7.8 -kdd 

7.7E+00 
7.7E+00 
1.8E+00 
4.3E+00 
7.3E+00 

9.1E-02 
NA 

NA 
NA 
NA 
NA 

1.5E+05 
1.1E-02 

NA 
NA 
NA . 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.7E-06 

4.1E-06 
7.1E-09 
6.5E-06 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.4E-11 

I 

1.7E-05 I ILCR Snmmation = 

, 

W 



Zisk Equation 

IR 
FI 
EF 
EDn 
CP 

Table I-LV.2-22 
Summary of Risk Quantitation (radionuclides) 

Target Receptor: Off-Property Farm Resident (Adult) 
Via Ingestion of Dairy Produrn 

Cp X EF X EDn X FIX IR - - 

Ingestion rate of dairy products 
Fmction ingested fromcontaminated source 
Exposure frcquency 
Exposure duration 
Concentration of radionuclides in animal products 

6.88-06 
NA 

2.8E+CO 
1.2E+U3 
7.28-04 
7.9E- 10 
1.5E-02 
8.OE-01 

0.4 Vday 
0.75 (Unitless) 
350 days&ar 
70 Year 

ladionuciidcs (pci) (unitless) 

5.OE-02 
NA 

2.1E+04 
8.7E+06 
5.3E+00 
5.8E-06 
l.lE+02 
5.9E+U3 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.8E- 10 
1.4E- 12 
3.6E- 11 
1.3E- 12 
13E-11 
1.7E- 10 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.9E-11 
NA 

7.5E-07 
l.lE-05 
6.9E-11 
9.8E- 16 
1.8E-09 
1.2E-07 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I ILCR Summation = 1.2E-05 



Table H.V2-23 
Summary of Risk Quantitaioa (chemic&) 

Tar@ Receptor: Off-Property Farm Rcsidcd (Aduk) 
Via Ingestion of V e g d a b k  and Ruirs 

IR 
Fl. 
EF 
EDn 
EDc 
BW 
ATe 
ATn 
cs 

P - 
BWXAT 

Ingcstion tate of fruits or vcgciablcs 
F t a ~ t i o ~  ingcsted from coniaminated soura 

Exposure dutation for non-carcinopnr 
Exposure dutation for carcinogcns 
Body weight 
Avcrag time forcarcinogens (liktimc) 
AVCIZ.~~ time forum-carcinogens (EDn ~36.5)  
Colrcnte tion of chemicals in vcgcia bles 

Exposure frequency 

Compound Corrcntetion Units 

antimony 
ardor-lZS4 
a r d o r -  1260 
ancnic 
beryllium 
benxa(a)pymtc 
cadmium 
1.2-diddoroetba 
magnesium 
manganese 
mercury 
ril\cr 

trichlarathenc 
utanium- total 

2.3.7.a -todd 

2.6E-01 
2 .a~i -04  

1.SE-01 
4.SE-03 
2.3E-04 
2.7E-01 

2.28+03 
1.6E+02 
S.0E-02 
1.9E-01 

3.28-03 
a . 9 ~ i - 0 2  

0.122 kglday 
0.5 (Unidcrr) 
350 day$ycar 
70 Year 
70 Year 
70 kg 

2ssso dap 
2Ss-so dap 



Table H.V.2-23 (amtinmed) 
Summary of Risk Quantitatiom (chemials) 

Target Receptor: Off-Property Plm Resident (Malt) 
Via Ingestion of Vegsmbbr and Frpits 

Compound 
anfimnv 

HQ Calculation 
CDI RfD HQ 

(mdkg-day) (m&-day) (uritlessl 
2.2E-04 4.OE-04 5.4E-01 

amclor-1260 . 
arsenic 
bewium 
benm(a)pyrene 
cadmium 
1,Z-dchlometbane 
magnesium 
manganese 
mercury 
silver 
2.3.7.8-t~dd 
tricliometkne 
uranium-total 

b m p u n d  
intimny 
imclor-1254 

A 
1.3E-04 
3.8E-06 
1.9E-07 
2.38-04 
A 
1.8E+00 
1.4E-01 
4.1E-05 
1.6E-04 
A 
2.7E-06 
7.4E-OS 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

~~~ ~~ ~ ~ 

[mdk-day)l (ma/k-day)-' I (uritlessL 
2.2E-04 NA NA 
2.3E-07 7.7E+00 1.8E-06 NA 

NA 
3.OE-04 
S.OE-03 

1.OE-03 

9.7E+00 
1.4E-01 
3.OE-04 
S.OE-03 

6.OE-03 
3.OE-03 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA. 

NA 
NA 

4.3E-01 
7.5E-04 

2.3E-01 
NA 

NA 
1.9E-01 
9.7E-01 
1.4E-01 
3.28-02 

4.4E-04 
2.5E-02 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I I I HQ Summation = 2.SE+00 

I ILCR Calculation 
I CDI I CSF I ILCR 

imclor-1260 
IrSeniC 

iewium 
renm(a)pyrene 
admium 
13-dcblom etkine 
nagnesium 
na n p  nese 
nercury 
aver 

ricblometkne 
iranium-total 

!.3.7.8 - tcdd 

3E-04 
8E-06 
9E-07 
3E-04 

8E+00 
4E-01 
1E-OS 
6E-04 

7E-06 
4E-05 

7.7E+00 
1.8E+00 
4.3E+00 
7.3E+00 

9.1E-02 
NA 

NA 
NA 
NA 
NA 

1.5E+OS 
l.lE-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.2E-04 
1.6E-05 
1.4E-06 

NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA . 

2.9E-08 

I 

I IER Summation = 2.4E-04 
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tisk Equation 

IR 
FI 
EF 
EDn 
cv 

Table KV.2-24 
Summary of Risk Quantitation (radionuclides) 

Target Receptor: Off-Property Farm Resident (Adult) 
Via Ingestion of Vegetables and Fruits 

CvX EFX EDn XFI X IR - - 

Ingestion rate of fruits or vegetables 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in vegetables 

RaZl6+8d 2.7E-04 pWkg 
bzn NA PWkg 
Sr, + Id 3.7E+01 pcjnCg 

2.4E+03 pWkg TC, 
-%-a 
'%n + IOA 

ups+2d 2.OE+01 pWkg 

2.3E-01 pWkg 
2.2E-06 pWkg 

upsm 5.9E-01 pWkg 

PWkg 
PWkg 

0.122 kg/day 
0.5 (Unitless) 
350 daystyear 
70 Year 

CDI CSP ILCR 
Radionuclides (Pa) (pa) - '  (unitless) 

Ra226+8d 4.OE-01 7.8E- 10 3.1E- 10 
%n NA 1.4E- 12 NA 
SrSO+ld 5.6E+04 3.6E- 11 2.OE-06 
Tc99 3.6E+06 1.3E- 12 4.6E-06 

3.4E+02 1.3E- 11 4.48-09 
3.3E-03 1.7E- 10 5.7E- 13 

upsm 8.8E+02 1.6E-11 1.4E-08 
ups+2d 3.OE+04 2.OE- 11 6.1E-07 

'%w 
'%n + IOA 

NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 

NA NA 
NA NA 

NA 
NA 
NA NA NA 

7.3E-C6 - I ILCR Summation - 



I *  , 
Table H.V.2-25 

Summary of Risk Quantitation (radionuclides) 
Target Receptor: Off-Property Farm Resident (Adult) 

Via External Radiation 

3osc EquivalcncyEquat: = [DRXEFXEDnX ETiX(1-SH;)J +[DRXEFXEDnX ET,X(l-SH,)] 

EF 
ED Exposure duration 

Fraction of year spent exposured 

Fraction of day spent indoors 
Fraction of day spent outdoors 
Shield factor indoors * 
Shield factor outdoors 

mi 
J% 

SH; 
SH, 
DR Radionuclide specific dose concentrations 

R%+8d NA PWg 
Q?2 NA P a 5  

% 
R n  + ia 

ups+2d 1.32E+00 pWg 

SrW+ld . 1.50E-02 
T% 2.50E-01 pWg 

2.65E-01 pWg 

umm 2.198-02 pWg 
NA P a 3  

NA 
NA PWg 

NA P a 3  
NA P a 3  
NA P o / g  
NA P a l 3  
NA Pci/g 
NA P a 3  
NA P W  
NA P W  
NA PWg 
NA P a l 3  

0.96 (unitkss) 

0.76 (unitkss) 
0.24 (unitkss) 
0.5 (unitkss) 

(uni tkss) 
(see table below) 

70 Year 

Radionuclides (year pCiIg) (unitless) 

R%+8d NA 
%Zl NA 

T% l.OE+Ol 
l.lE+Ol 

%Wz36 9.1E-01 
ups+2d 5.5E+01 

srW+ld 6.2E-01 

NA 
% 
%+lCd 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.OE-06 
1.2E-09 

6.OE- l3 
5.4E- 11 
8.5E-06 
2.48-07 
5.1E-08 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

6.2E- 12 
6.OE- 10 

2.2E-07 
2.88-06 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

L 

3.OE-06 - [ ILCR Summation - 
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IR 
EF 
EDn 
EDc 
BW 
ATc 
ATn 
cs 

Table ILV2-26 
Summary of Risk Quaditation (ebcmicak) 

Targel Receplor: Off-Ropaty Farm Resided (Child) 
Via Inhalation of Particulates 

- 
BWXAT 

Inbalation rate d pres (RAGS. 1989) 
Exposure kcqucncy 
Exposure duration for nOff-car&ogcnr 
Exposure due tion for carcinogens 
Body weight 
Averag time for carcinogens oilctimc) 
A v e n p  time for nOff-circinogenr (EDnx365) 
Conccnba tion of chemicals in roil 

Compoud Conccntmtion Units 

antimony 1.2E-09 mdm3 
arcdor-l254 1.2E-11 mum3 
a r d o r -  l260 mdm3 
arsenic 2.28-09 mp/m3 
beryilium 2.5E-10 mdm3 
benm(a)pyrcnc 9.38-12 mdm3 
cadmium 2.4E-10 mdm3 
1,Z-dirhloroeh ne mum3 
magnesium 1.3E-06 mdm3 
manganese 3.4E-07 mdm3 
mercuty 7.7E- 11 mum3 
S i l K l  6.OE-10 mdm3 
2.3.7.8 -Wdd mdm3 
trichlarocthcnc 6.4E-13 mdm3 
uranium- total 6.38-09 mum3 

mdm3 

u m31day 
350 daydyrar 

' 6 Y e r  
6 Year 

IS kg 
25550 days 

(see table below) 
2190 days 

Compoud Conantm tion Units 

mdm3 
mdm3 
mdm3 
mum3 
mum3 
mdm3 
mum3 
mdm3 
mdm3 
mdm3 
mdm3 
mdm3 
mum3 
mum3 
mdm3 



~~ 

Table ELV.2-26 ( ~ ~ n t i n u e d )  
Sommary of Risk Quamtitltion (chenials) 

Target Receptor: Off-Property Pam Resident (Child) 
Via Inhalation of Partiahtea 

Compund 
antimony 

HQ Calculation 
CDI RfD HQ 

[mdkg-day) [mdkg-day) [uridess] 
9.OE-10 NA NA 

I 
I Hazard Quotient Sum = 1.8E-02 

CDI 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.9E-03 

1.4E-05 
8.6E-05 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

NA . 

CSP ILCR 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.8E -02 
6.98-07 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

Jmdh-day) [m&-dny)-' kmmund 

imclor - 1254 
imclor - 1260 
IrseniC 
wqllium 
iem(a)pyrene 
rdmium 
1.2-dctlomethane 
nagacrjum 
nanganese 
nercury 
aver 
!.33,8-tdd 
rictiometkne 
iranium-total 

,o(mny 
(utitless 

7.8E-13 NA 
iA NA 
1.95-10 1.5E+O1 
1.7E-11 8.4E+00 
6.1E-13 6.1E+00 
1.6E-11 6.3E+00 

JA 9.1E-02 
8.58-08 NA 
2.2E-OS NA 
5.OE-12 NA 
3.9E-11 NA 

4.2E-14 6.OE-03 
4.1E-10 NA 

IA NA 
IA NA 
IA NA 
IA ' NA 
IA NA 
IA NA 
1A NA 
IA NA 
IA NA 
IA NA 
IA NA 
IA NA 
IA NA 
IA NA 
IA NA 
1A NA 

JA 1.5E+O5 

NA 
NA 
NA 

2.2E-O! 
1.4E-1( 
3.7E-1: 
1.OE-11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.5E-11 

[LCR Sumnution = 2.4E-OS 



Zisk muation 

IR 
EF 
EDn 
ca 

TableH.V.2-27 . 
Summary of Risk Quantitation (radionuclides) 

Target Receptor: Off-Property Farm Resident (Child) 
Via Inhalation of Gases and Partidates 

CaX EFX EDn X IR - - 

Inhalation rate of gases (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in air 

6.2E-08 p C i / d  
8.OE-01 pWm' 
2.4E-08 pC3h' 
3.3E-07 p a n t '  
2.48-07 p W d  
1.7E-09 p a d  
5.OE-09 p W d  
1.6E-06 p C V d  

12 m3/day 
350 daysbear 

6 Year 
(see table below) 

CDI CSP ILCR 
Radionuclides (pci) (pa)-' (unitless) 
I 

1.6E-03 

6.1E-04 
8.4E-03 
6.1E-03 
4.4E-05 
1.2E-04 
4.OE-02 

2.OE+04 

NA . 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.OE-09 
7.3E- 13 
6.2E- 11 
8.3E- 12 
2.98-08 
l.lE-07 
2.5E-08 
2.4E-08 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

LIE-11 
1.5E-08 
3.8E- 14 
7.OE- 14 
1.8E- 10 
4.8E- 12 
3.1E-12 
9.6E- 10 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 
I ILCR Summation = 1.6E-08 



IRI 
CP 
EP 
EDn 
E D C  
BW 
ATc 
ATn 
cs 

P 

Table H1V2-28 
Summary of  Risk Quantitrlioa (chemicals) 

Tar@ Rccepor: Off-Roperty Farm R a i d e d  (Child) 
Via Incidental Ingestion of Soil 

- 
BWXAT 

Ingestion rate of soil (RAGS, 1989) 
Conversion factor 

Exporurc duration for 008-cardnogem 
Exposure dura tion for carcinogens 
Baly weight 
Averagc time for carcinogens (libtime) 

Concentration of chemicals in soil 

exporure frcqucng 

Avcmg t h e  fornOff-~rchogenS (EDOX369 

Compoud Concentration Unitr 

antimony 
a r d o r -  u s 4  
8 rod01 - 1260 - arsenic 
beryllium 
benm(a)pynnc 
cadmium 
1.2 - dichloroctln ne 
magnesium 
manganese 
mercury 
dK1 
2.3.1.8 - tcdd 
trichlaocthcnc 
uranium-total 

200 muday 

350 dawea i  
6 Year 
6 Year 

IS kg 

1.0E-06 kumg 

25550 day3 
2190 day3 

(see table below) 

- .  

,.. 

. *  
’__ ’ 
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Summary of Risk Qmamtikiom (ekckicals) 
Target Receptor: Off- Property Farm Resident (Child) 

Via Incidental Ingestion of Soil 
HQ Calcula ion 

CDI RfD HQ 
Compound (mgkg-day) (mgkg-day) (unklcss) 
antimony 1.7E-OS 4.OE-04 4.2E-02 
aroclor - 1254 
arocla - 1260 
arsenic 
baylbum 
buno(a)pyrene 
cadmium 
12-dichlcroet hane 
magnsium 
manganese 
macury 
silva 
2.17.8 -kdd 
lrichluoethene 
uranium -t otal 

4.8E-OS 3.OE-04 1.6E-01 
5.7E-06 5.OE-03 l.lE-03 
2.6E-07 NA 
6.3E-06 1.OE-03 6.3E-03 

8.3E-03 1.4E-01 5.9E-02 
7.OE-07 3.OE-04 2.3E-03 

2.68-08 6.OE-03 4.3E-06 

I ILCR Calculation 
I CDI I CSF I ILCR 

Compound I [mgkg-day)l (mgkg-day)-l I (untlgs 
NA antimony I 1.4E-06 NA 

aroclor - 1254 

arsenic 
beryllium 
bemo(a)pyrene 
cadmium 
1.2-dichloroet hane 
magnsium 
manganese 
macury 
silva 

Lrichluoethene 
uranium-total 

a r d o r  - 1260 

2,3.7,8 -tcdd 

7.7E+00 
7.7E+00 
1.8E+00 
4.3E+00 
7.3E+00 

NA 

NA 
NA 
NA 
NA 

9.1E-02 

l.SE+OS 
l.lE-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.9E-0 

7.3E-0( 
2.1E-0( 
1.6E-0 

NA 

NA 
NA 
NA 
NA 

2.4E-11 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 

I ILCR Summation = 9 . z - 0 6  



Table H.V.2-29 

Risk Equation 

IRS 
EF 
E& 
FI 
cs 

Summary of Risk Quantitation (radionuclides) 
Target Receptor  Off-Property Farm Resident (Child) 

Via Incidental Ingestion of Soil 

CS X E F X  EDn X FI XIR - - 

Ingestion rate of soil (RAGS, 1989) 

Eqosure Duration 
Fractional Intake 
Concentration of radionuclides in soil 

m)osu= kequency 

pCimg 
pCihng 

1.5OE-05 pCi/rng 
25OE-04 pcimg 
265E-04 p C i g  

219E-05 p c i g  
P c h g  

132E-03 p c i g  
P C i g  
P c h g  

200 mglday 
350 dayslyear 

6 Year 
1 (unitless) 

pCi/mg 
pCi/mg 
p c i m g  
P c h g  
p c i m g  
P c i g  
pCihng 
pCimg 
pCi/mg 
pCi/mg 

CDI CSF ILCR 
ladionuclides (pCi) (pCi)-l (unitless) 

NA 
NA 
630E+OO 
1.05E+02 
l.llE+02 

9.2OE+OO 
5.54E+02 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.80E- 10 
1.4OE- 12 
3.6OE-11 
130E- 12 
130E-11 
1.70E- 10 
1.60E- 11 
2OOE-11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
227E- 10 

' 137E- 10 
1.45E-09 

NA 
1.47E- 10 
l.llE-08 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 



AF 
ABS 
CF 
EF 
ED0 
EDC 
Bw 
ATc 
ATn 
cs 

Table H.V2-30 

Tu@ Receptor: Off-Property F u n  Rqided (Child) 
Via k m a l  Contact wpilh Soil 

Summary of Risk Quaditation (chemic&) 

= X C F  
BWXAT 

Soil to skhadhcrcna bctor (RAGS 1989) 
chcmieali spccificabsorbtion factor (see table below) 
Convcnion factor 

Exposure d u e  tion for nOU-ordnogcm 
Exposure duation for orcinogcnr 
Body weight 
Averag time fororciaogenr (lilctimc) 
A V C I ~ ~  time 101 ~ O U - c a r c i n o g ~ n ~  (EDnx365) 
Concentation of chcmicalr in soil 

Exposure frqucnry 

Compourd ABS Conccnbati Units 

a ntimoay 
a r d o r -  lZS4 
a rdor-lZ6O 
a nenic 
beryllium 
benm(a)pyme 
cadmium 
1.2-diddorochnc 
magnesium 
manganese 
mercury 
S i l w x  
2.3.1.8 - tcdd 
trichloocthcae 
uranium- total 

1.00E-02 
6.OLlE-02 
6.00E-02 
1.00E-03 
1.00E-02 
3.00E-01 
1.00E-02 
3.00E-01 
1.00E-02 
1.00E-02 
S.OOE-02 
I.OOE-02 
3.00E-02 
3 .WE -01 
1.00E-02 

NA 

1.30E+OO mgikg 
2.20B-02 mgkg 

mgkg 
3.798+00 mgkg 
4.49E-01 mgkg 
2.00E-02 mgkg 
4.90E-01 mgkg 

mgkg 
2.198+03 mgkg 
6.41@+02 m&g 
S.SO@-(n mgkg 
4.80E-01 mgkp 

2.00E-03 mgkg 
7.20@+00 mgkg 

mgks  

mgkg 

r 2000 cm%a 
1 mg/cm 

1E-06 kg/mg 
CSV 

350 dayrryear 
6 Year 
6 Year 
IS kg 

25550 days 
2190 days 



Compund 
anLumnv 
amclor 1254 
amclor-1260 
arsenic 
beqllium 
bem(a)pyrene 
cadmium 
1.2-bcHomethane 
magnes um 
manganese 
melcury 
silver 
2,3,7.8-tdd 
trichlometkne 
uranium-total 

HQ Calculation ILCR Calculation 
CDI RID HQ CDI CSF ILCR 

[mp/kg-dav) [mdk-day) [uritlessl Compound [mdk-day) [mdk-day)-' (umtlessl 
1.668-06 6.00E-05 2.778-02 antinnov 1.42E-07 NA NA 

, 

NA 
NA 
2:85E-04 
5.OOE-03 

5.00E-OS 

4.85E-01 
4.20E-03 
4.5OE-OS 

NA 

NA 

NA 
NA 
5.888-03 
1.50E-04 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA . 
NA 

L I I HQ Summation = 3.14E-01 

NA 
NA 
1.70E-03 
l.15E-04 

1.25E-02 

5.77E-03 
1.97E-01 
7.81E-03 

NA 

NA 

NA 
NA 
1.30E-05 
6.148-02 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1 I 
IIIER Summation = 4.378-07 

amclor 1254 
amclor- 1260 
arsenic 
beflium 
benm(a)pyrene 
cadmium 
1,2-bcHoroethne 
magnesium 
manganese 
melcury 
silver 
2.3.7.8 -kdd 
trichlomctkne 
uranium - total 

1.03E+01 
1.03E+01 
1.84E+00 
4.30E+00 
NA 
NA 

NA 
NA 
NA 
NA 

1.01E-01 

3.00E+05 
1.12E-02 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.498-07 

7.658-08 
2.12E-07 
NA 
NA 

NA 
NA 
NA 
NA 

7.388-11 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 0 



IR 
EP 
ED0 
E D C  
BW 
ATc 
ATn 
cs 

Table II.V2-31 
Summary of Risk Quaditation (chemic&) 

Target Recepor: Off-Property Farm Raridcnt (Child) 
Via Drinking Wdu Ingestion 

Ingestion rate of groundwater (RAGS, 1989) 
Exposurc frequency 
Exporure du~t ion  for nOff-cardnogem 
Exporurc &Q tion for Q rcinogenr 
Body weight 
Average time forercimgenr (liktime) 
Averab time for nOff-carcinogens (EDnx365) 
Concentn tion of chemicals in groundwater 

- 
BWXAT 

Compoud Concentration Units 

antimony 
a r d o r -  us4 
ardor-I260 
arsenic 
bcryUium 
bcnm(a)pnc  
cadmium 
1.2-didhroctIz 
magnesium 
manbnerc 
mercury 
silucr 
2.3.7.8-rcdd 
trichlmocthene 
uranium-tcd 

I ne 
1 .OSE +oo 
6.38E-03 
1.99E-06 

5.61E-03 

1 w y  
350 Qy%ylxl 

6 Year 
6 Year 

15 kg 
25550 days 
2190 days 

, 



Table H.V.2-31 (amtinmed) 

bmpouad 
intinmny 

Target Reeepi 

HQ Calculation 
CDI RfD HQ 

(mp/kg-day) (mdkg-day) (uridess: 
NA 4.00E-04 

iroc~or -1254 
imclor- 1260 
irsenic 
Ieqilium 
Ienm(a)welle 
admium 
I,2-bcUoroethane 
nagnesium 
nanganese 
nelcury 
h e r  

ricblometkne 
iranium-total 

!.3,7.8-t~dd 

Summary of Risk Qaa8tibti08 ( d o m i a h )  
~ Off -Property Farm Resideat (Child) 
Drinld.8 Water hesstio8 

I I E R  Calculation 
I CDI 

NA 
NA 
3.00E-04 
5.00E - 03 

1 .WE -03 

9.70E+00 
5.00E-03 
3.00E-04 
5.00E-03 

6.00E-03 
3.00E-03 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA . 
NA 

NA 
NA 
NA 

NA 
NA 
NA 
NA 

5.72E-02 

6.938-03 
8.1JE-02 
4.248-04 

NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.19E-01 

I 

I HQ Summation = 2.66E-01 

NA 

roclor - 1260 
rsenic 
meqllium 
menm(a)pyrene 
admium 
,2-bc~omethane 
aagnea um 
nanpnere 
aelcury 
aver 
:.3,7.8-t~dd 
ricblometkne 
iranium- total 

7.70E+00 
7.70E+00 
1.75E+00 
4.30E+00 
7.30E+ 00 

9.10E - 02 
NA 

NA 
NA 
NA 
NA 
l.SOE+OS 
1.10E - 02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.58E-06 

I IWCR Summation = 2.58E-06 



6 3 4 9  

lis t  Equation 

IR 
EF 
EDn 
FI 
cw 

Table I-LV.2-32 
Summary of Risk Quantitation (radionuclides) 

Target Receptor: Off-Property Farm Resident (Child) 
Via Ingestion of Drinking Water 

=: (3 X EFX EDn X FI X IR 

Ingestion rate of groundwater (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Fractional Intake for radionuclides 
Concentration of radionuclides in groundwater 

R?226+Rd 
R% 

h 
%32+lOd 

SrSO+ld 5.4E-M 
T% 4.2E-01 

~PSm 8.3E-02 
ups+?d 1.9E+00 

1 Vday 
350 daysEyear 

6 Year 
1 (Unitless) 

(see table below) 

CDI CSF ILCR 
ladionuclides ( p a )  (pCi)-' (unit less) 

NA 
NA 

1.1E-02 
8.8E+02 

NA 
NA 

l .E+02 
3.9E+03 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.8E- 10 
1.4E- 12 
3.6E-11 
1.3E- 12 
1.3E-11 
1 .E-  10 
1.6E- 11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

4.1E-13 
l.lE-09 

NA 
NA 

2.8E-09 
7.98-08 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

8.2E-08 - I ILCR Summation - 



DA 
EF 
EDn 
EDc 
BW 
ATc 
ATn 
SA 

Table H.V2-33 
Summary of Risk Quaditation (chemic&) 

Tu@ Receptor: Off-Ropexty F u m  Rcsidca (Child) 
Via D u m a l  Contad while Bathing 

Dermal absarbed dose 
Exponrre frequcnqr 

Exporurc dura tion for m rcinogcns 
Body weight 
Average time for mrcimgcns (lihtimc) 
Avcrag time for nOU-mrcincgcns (EDnx365) 
Skinrurhccara auiilablc for contict 

Exporurc duration fOrnOff-cardnogem 

DAXEPXEDXSA 
B W X A T  

Compoud DA Uniu 

antimony 
arodor-U54 
a r d o r  - U60 
a ncnic 
beryllium 
bcnm(a)mnc 
admium 
1.2-dichloroctha 
magnesium 
manbnere 
mercury . 
S i l K I  

trichlaocthene 
ura nium - total 

2 .3 . i . a - t~~  

ne 

NA mdcm2-day 
NA mg/cm2-&y 
NA mgjcm2-day 
6.72B-10 mglcm2-Ly 
NA mdcm2-hy 
NA mglcm2-ctiy 
NA mdcm2-day 
NA mglcm2-day 
2.63E -06 mglcm2- da y 
159E-08 mglcm2-&y 
4.988-12 mdcm2-day 
NA mdcm2-day 
NA mgtcm2-Ly 
NA mgtcm2-8y 
l.ME-08 mglcm2-day 

NA mgtcm2-day 

QV mdcm2-Ly 
350 dayrryepl 

6 Year 
6 Yar 

15 kg 
25550 days 

2190 days 
uooo em2 

Compoud DA Units 

NA mgtcm2-dry 
NA mdem2-Ly 
NA mdcm2-Ly 
NA mgicm2-Ly 
NA mdcm2-day 
NA mglcmz-day 
NA mdcm2-Ly 
NA mdcm2-Ly 
NA mdcm2-day 
NA mdcm2-hy 
NA mgicm2-Ly 
NA mdcm2-Ly 
NA mgtcm2-hy 
NA mdcm2-Ly 
NA mdcm2-day 
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Table H.V.2-33 ( ~ ~ m t i m m s d )  
Summary of Risk Qurmtitatiom (denials) 

Tarnet Receptor: Off-Propertvfirm Beddemt (Child) - vi 1 - -  - 
I HQ Calculation 

I I CDI I RID I HQ 
Compound 
antimony 6.00E-05 NA 

I Implkg-day) I (m&-day) I (unitless' 

amc~or-1254 
amdor-1260 
arsenic 
b e g i u m  
bem(a)mene  
cadmium 
l.2-bcHomethane 
magnesi urn 
manganese 
mercury 
silver 

tricblomethene 
uranium-total 

2,3,7,8-(cdd 

NA 
NA 
2.85E-04 
5.OOE-03 

5.OOE-05 

4.85E-01 
4.2OE-03 
4.SOE-OS 

NA 

NA 

NA 
NA 
5.88E-03 
1 .SOE -04 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

NA 

NA 
NA 

NA 
NA 
NA 
NA 

3.468 -03 

7.978-03 
5.588 -03 
1.63E-04 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.37E-01 

I 

LHQ Stamnution = 1.55E-01 

amc~or -1254 
amclor- 1260 
arsenic 
beflium 
bem(a)mene  
cadmium 
1.2-dcHometIrane 
magnesi urn 
manganese 
mercury 
silver 
2.3,7,8-ledd 
tncblometkne 
uranium - total 

1.03E+01 
1.03E+01 
1.84E+M) 
4.30E+00 
NA 
NA 

NA 
NA 
NA 
NA 

1.01E-01 

3.00E+05 
1.12E-02 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
1.56E-0' 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

Compund 
antimony !NA NA NA 

I I ILCR Snmmation = 1 S6E-O; 



1R 
PI 
EP 
EDn 
EDC 
Bw 
ATc 
ATn 
cs 

Table II.V2-34 
Summary of Risk Quaditation (ebcmic.LP) 

Target Receptor: Off-Properly Fum Reid- (Child) 
Via Ingation of M u t  Products 

- 
BWXAT 

Ingestion cite of meat 
P ~ ~ t i ~ n h g e a t e d  fran contambated sourcc 

Exposure duration for nOff-cardnogem 
Exporure dura tion for Q rcinqgens 

Expure  frequency 

Body Weight 
A v e n s  h e  for QIChOgeOS o a t h e )  
Avenge time fornOff-mrcinqcns (EDnx36S) 
Colvrntmtion of chemicals in meat 

Compoud Colvrntmtion Units 

a ntimony 
a r d o r -  1254 

arsenic 
beryllium 
bcnzo(a)pyrcnc 
cadmium 
1.2-diddoroctl~ne 
magnesium 
maneQncsc 
mercury 
snKr 

trichlmoctbcnc 
uranium-tdal 

a r d o r -  1260 

2.3,7,a-lcdd 

1.4E-0S 
6.7E-07 

1.9E-0S 
4.SE-07 

7.SE-06 

S.SE-0 1 
3.4E-03 
6.3E-04 
3.OE-0S ' 

1.0E-09 
1.4E-06 

6 . 8 ~ 4 7  

0.039 tg/day 
0.75 (Unillcss) 
340 daydyear 

6 Year 
6 Year 
1s kg 

ZSSY) days 
2190 days 



Table H.V2-34 (eonbued) 
Summary of Risk QnarC@tion (&amiab) 

Tarpt Receptor: Off-Property Farm Resident (Child) 
Via Ingestion of Meat Pdmcta 

I HQ Calculation 
I CDI I RID I HO 

Compound I Imdlrg-day) I (mdk-day) I [urilless 
antimony I 2.6E-08 4.OE-04 6.4E-0! 
amc~or -1254 
amclor-1260 
arsenic 
beqllium 
benm(a)pyrene 
cadmium 
1.2-dcHomettene 
magnes um 
manganese 
meKury 
silver 
2.3.7.8-t~dd 
tnchlometkne 
uranium-total 

NA 
NA 

3.OE-04 
5.OE-03 

1.OE-03 

9.7E+00 
1.4E-01 
3.OE-04 
5.OE-03 

6.OE - 03 
3.OE-03 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA - 
NA . 
NA 

NA 
NA 

1.2E-04 
1.7E-0; 

1.4E-0! 

1.1E- 04 
4.5E-0: 
3.9E-02 
1.1E-O! 

3.1E-1C 
8.7E-07 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA ' 

NA 
NA 

I 

I HQ Sumnution = 4.38-03 

I 
I CDI I ILCI 

ILCR Calculation 

amclor- 1254 
amclor- 1260 
arsenic 
beqllium 
benm(a)pyrene 
cadmium 
1,2-dcHomettene 
magnesi um 
manganese 
menury 
silver 
2,3,7,8 - tedd 
tricblometkne 
uranium - to tal 

1E-10 

OE-09 
2E-11 
1E-10 
2E-09 

9E-OS 
4E-07 
OE-07 
7E-09 

6E-13 
2E-10 

7.7E+00 
7.7E+00 
1.8E+00 
4.3E+ 00 
7.3E+00 

9.1E-02 
NA 

NA 
NA 
NA 
NA 

1.5E+OS 
1.1E-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

8.3E- 

5.3E- 
3.1E- 
7.9E- 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.8E- 

I ILCR Sumnution = 7.3E-I 



lisk Equation 

IR 
FI 
EF 
EDn 
Cf 

Table KV.2-35 
Summary of Risk Quantitation (radionuclides) 

Target Receptor: Off-Property Farm Resident (Child) 
Via Ingestion of Meat Prodnas 

CfX EFX EDn X R X IR 

Ingestion rate of m a t  
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in meat 

~~ 

CDI CSF ILCR 

RaZi%+8d 3.8E-09 

sr!Xl + Id 5.6E-04 

8.6E-07 
9.5E- l3 

~ma36 4.9E-06 
um+2d 2.6E-04 

bzn NA 

T%9 l.OE+m 
h 
%+1Od 

0.039 kg/day 
0.75 (Unitless) 
350 dayslyear 

6 Year 

Radionuclides (PCi) (pCi)-l (unitless) 

2.3E-07 7.8E- 10 1.8E- 16 
b2T2 NA 1.4E- 12 NA 
SrSO,,, 3SE-02 3.6E- 11 1.2E- 12 

6.2E+01 1.3E- 12 8.1E-11 
5.3E-05 1.3E-11 6.9E- 16 
5.8E- 11 1.7E- 10 9.98-21 
3.OE-04 1.6E-11 4.8E-l5 

Um+, 1.6E-02 2.OE- 11 3.2E- l3 

Ra226+Sd 

Tcpg 
% 
%+lOd 
upsm 

NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA . NA 
NA NA NA 
NA NA NA 

I ILCR Summation = 8.2E- 11 



IR 
FI 
EF 
EDn 
E D C  
Bw 
ATE 
ATn 
cs 

Table H.V2-36 
Summary of Risk Quaditation (chemic&) 

Tug& Receptor: Off-Ropexty Farm Resided (Child) . Via Ingestion of Dairy Roduetrr 

- 
B W X A T  

Ingestion ntc of dairy prodlrts 
Pnction ingested from contaminated SOUIEC 

exposure frcquchcy 
e r e  duntion for nofi-cakinogcrn 
Exposure dun tion for ca rcioogcns 
Body weight 
Average time for carcinogens (liktimc) 
Average time fornOff-carcinogens (EDnx365) 
Coaccnba tion of chemicals inanimal prodllcts 

Compoud Coaccnbation Units 

antimony 1.4E-03 m a g  
a rodor- E54 2.1E-04 m a g  
ardor-lZ6O m a g  
arsenic S.7E-04 m a g  
beryllium 4.0E-07 m a g  
benm(a)pyrcnc 2.2E-04 m a g  
cadmium 1.4E-02 m a g  
1.2-dirhloroctl~ne m a g  
magnesium 4.4E+02 m a g  
mangpncrc 2.9E+00 m a g  
mercury l . lE-03 m a g  
S i I K I  Z.OE-01 mg/Lg 

trichlmocthene 3 . 2 8 4 7  m a g  
unnium- total 4.2E-03 m a g  

m a g  

2.3.7.8-t~dd m a 8  

0.9 Vday 
0.75 (Unitless) 

6 Year 
6 Year 

IS kg 

3yl daydyur 

zssm dayr 
2190 dayr 



Table H.V.2-36 (amtimuad) 

Compound 
antimony 

Summary of Risk Qoantihtiom (cLeaials) 
Target Receptor: Off-Proprty Fam Resident (Child) 

Via Ingestion of Dairy Prdueta 

HQCalculation 
CDI RfD HQ 

[mplk-day) (mplk-day) (uridessl 
S.9E-OS 4.OE-04 1.5E-01 

Compound 
antimony 

amc~or-1254 
amclor- 1260 
arsenic 
beqllium 
benm(a)pyreae 
cadmium 
1.2-dcliometkine 
magaesium 
mangnese 
metcury 
silver 
2.3.7.8-lcdd 
trichloroetkne 
uranium-total 

ILCR Caculation 
CDI CSP ILCR 

(mplk-day) (ma/k-day)-' [uddess' 
S.OE-06 NA NA 

1E-06 

SE-OS 
7E-08 
3E-06 
9E-04 

9E+01 
3E-01 
9E-05 
SE-03 

4E-08 
8E-04 

NA 
NA 

3.OE-04 
5.OE-03 

1.OE - 03 
NA 

NA 
9.7E+00 
1.4E-01 
3.OE-04 
5.OE-03 

6.OE-03 
3.OE-03 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

8.28-02 
3.SE-06 

NA 

NA 
5.9E-01 

2.OE+00 
9.1E-01 
1.6E-01 
1.7E+00 

2.3E-06 
6.OE-02 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

amdor - 1254 
amclor-1260 
arsenic 
beqllium 
benm(a)pyrenc 
cadmium 
1.2-dcliometkine 
magaesum 
manganese 
mercury 
silver 
2,3.7.8-lcdd 
trichlometknc 
uranium- to tal 

7.7E+ 00 
7.7E+ 00 
1.8E+00 
4.3E+00 
7.3E+00 

9.1E-02 
NA 

NA 
NA 
NA 
NA 

1 .SE+ OS 
1.1E-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.OE-0( 

3.7E-CM 
6.4E-OI 
5.8E-CM 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.3E-11 

1 I 
5.6E+00 1XLCR Somnutioa = 1.6E-03 



6349 

Risk Equation 

IR 
FI 
EF 
EDn 
CP 

Table H.V.2-37 
Summary of Risk Quantitation (radionuclides) 

Target Receptor: Off- Property Farm Resident (Child) 
Via Ingestion of Dairy Products 

Q X EFX EDn X FIX  IR - - 

Ingestion rate of dairy products 
Fraction ingested fromcontaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in animal products 

6.8E-06 
NA 

2.8E+00 
1.2E+03 
7.2E-04 
7.9E- 10 
1.5E-02 
8.OE-01 

0.9 Vday 
0.75 (Unitless) 
350 dayslyear 

6 Year 

CDI CSP ILCR 
!adionuclides ( p a )  (pa)- '  (unit less) 

9.6E-03 
NA 

4.OE+03 
1.7E+06 
1.OE+00 

2.1E+01 
l.lE+CB 

l.lE-06 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.8E- 10 
1.4E- 12 
3.6E-11 
1.3E-12 
1.3E-11 
1.7E- 10 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 

NA 

7.5E- 12 
NA 

1.4E- 07 
2.2E-06 
1.3E- 11 
1.9E- 16 
3.4E- 10 
2.3E-08 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.4E-06 - I ILCR Summation - 



1R 
FI 
EF 
ED0 
EDc 
BW 
ATe 
ATn 
CS 

P 

Table H.V2-38 
Summary of Rhk Quaditation (chemic&) 

Tu@ Rcecpor: Off-Properly Farm Raided  (Child) 
Via Ingestion of Vegdabls  and Fruits 

- 
BWXAT 

Ingestion nte of fruits or vegetables 
Pnctioningerted from ~ n t a m i m t e d  sou~oe 
exposure frequency 
@ X ~ O ~ U I C  duntion for nOff-carcinogem 
Exporure dun tion for carcinogens 
Body weight 
Avcrag time forerciwgcns (littime) 

Coocentm tion of chemicals in vegcta bles 
A V C I ~ ~  time fornOff-c~rcinogc~~ (EDnx365) 

Compoud C o ~ ~ e n t m  tion Units 

antimony 
ardor-US4 
ardor-lZ6O 
anenie 
belyllium 
bcnm(a)pyrcnc 
cadmium 
1.2-diddoroctIz 
magnesium 
manganese 
mercury 
s i l w  

trichlaocthene 
unnium- total 

2.3.7.8-tsdd 

2.6E-01 
2.8E-04 

1.5E-0 1 
4.SE-03 
2.3E-04 
2.7E-a 1 

2.28+03 
1.6@+02 
S.0E-02 
1.9E-01 ' 

3.28-033 
8 . 9 8 4 2  

0.106 k d b y  
0.5 (Unitlco) 
3% d a M a r  

6 Year 
6 YQI 
IS kg 

255% days 
2190 dayl 

. 'L : 



Table H.V.2-38 (mnCnmed) 
Snmmary of Risk Qpa=timtioa (chemicals) 

Target Receptor: Off-Property Farm Resident (Child) 
Via Ingestion of Vepptabler .ad Fruits 

k n p u n d  
intimny 

HQ Calculation 
CDI RfD HQ 

Imdkg-day) Imdh-day) (unitless1 
8.8E-04 4.OE-04 2.2E+00 

I 

[HQ Summation = l.OE+Ol 

9 .5E - 07 
A 
5.2E-04 
1.5E-05 
7.8E-07 
9.1E-04 
A 
7.4E+00 
5.5E-01 
1.7E-04 
6SE-04 
A 
1.1E-05 
3.OE-04 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

NA 
NA 

3.OE-04 
5.OE-03 

1 .OE -03 

9.7E+00 
1.4E-01 
3.OE-04 
5.OE-03 

6.OE-03 
3.OE-03 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 

NA 
NA 

1.7E+00 
3.OE-03 

9.1E-01 

7.7E-01 
3.9E+00 
5.6E-01 
1.3E-01 

1.8E-03 
1.OE-01 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I ILCRCalculation 
I CDI I CSF I ILCR ~~ 

Compound 
rntimny I 7.6E-05 NA NA 
imdor-1254 
imclor- 1260 
inenic 
iefl ium 
ienin(a)pyrene 
mdmium 
1.2-dchlomethane 
magmsium 
manganese 
menury 
iilver 

trichloroetkne 
uranium - total 

I Imdkg-day)I Imdkg-day)-' I ludtless: 

1,3,7,8-t~dd 

7.7E+00 
7.7E+00 
1.8E+00 
4.3E+00 
7.3E+00 

9.1E-02 
NA 

NA 
NA 
NA 
NA 

l.SE+OS 
l.lE-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.2E-07 

7.8E-05 
5.68-06 
4.9E-07 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.OE-08 

I 

I ILCR Summation = 8.48-05 



ti& huation 

IR 
FI 
EF 
EDn 
cv 

Table XV.2-39 
Summary of Risk Quantitation (radionuclides) 

Target Receptor: Off-Property Pam Resident (Child) 
Via Ingestion of Vegetables and Fruits 

Cv X EF X EDn X FI X IR - - 

Ingestion rate of  fruits or vegetables 
Fraction ingested fmmcontaminated sourn 
Exposure frequency 
Exposure duration 
Concentration ofradionuclides in vegetables 

2.7E-04 
NA 

3.7E+01 
2.4E+m 
2.3E-01 
2.2E-06 
5.9E-01 
2.OE+01 

0.106 kg/day 
0.5 (UnitlesP) 
350 daysbear 

6 Year 

CDI CSF ILCR 
Radionuclides [ p a )  (pCi1-l (unit less) 

3.OE-02 
NA 

4.2E+03 
2.6E+OS 
2.5E+Ol 

6.6E+01 
2.3E+Ci3 

2.58-04 

NA 

7.8E- 10 
1.4E- 12 
3.6E- 11 
1.3E- 12 
1.3E- 11 
1.7E- 10 
1.6E- 11 
2.OE- 11 

NA 

2.3E- 11 

1.5E - 07 
3.48-07 
3.3E- 10 
4.2E- 14 
l.lE-09 
4.5E-08 

NA 

NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 

5.4E-Ct7 - [ILCR Summation - 



Table I-LV.2-40 
Summary of Risk Quantitation (radionuclides) 

Target Receptor: Off-Property Farm Resident (Child) 
Via External Radiation 

Radionuclides (year pCi/g) (g/pCi -year)-' (unitless) 

Ra?Zb+lid NA 6.OE-06 NA 
h222 NA 1.2E-09 NA 
sr93 + Id 4.7E-02 NA 
T% 7.8E-01 6.OE- l3 4.7E- 13 

8.2E-01 5.4E-11 4.5E- 11 
NA 8.5E-06 NA . 

urn, 6.8E-02 2.4E-07 1.6E-08 
4.1E+00 5.1E-08 2.1E-07 

Th, 
h + l O d  

ups4 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 

2.3E-07 - 

Dose EquivalencyEquat: = [DRXEFXEDnX ETiX(l-SH;)] +[DRXEFXEDnX ET,X(l-SH,)] 

EF 
ED Exposure duration 
ET; 

Fraction of year spent exposured 

Fraction of day spent indoors 
Fractionofdayspent outdoors 
Shield factor indoors 
Shield factor outdoors 

nb 
SHi 
SH, 
DR Radionuclide specific dose concentrations 

Ra?m+sd NA P W 3  
hi22 NA P a 3  

Th, 
-kY.?+loA 

sr93+ld 1.50E-02 pCi/g 
Tc, 2.50E-01 pCUg 

2.658-01 pWg 
NA P W 3  urn, 2.19E-02 pWg 

ups+2d 1.32E+00 pWg 
NA ' pWg 
NA P a 3  

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.96 (unitless) 
6 Year 

0.92 (unitless) 
0.08 (unitless) 
0.5 (unitless) 

(uni tless) 
(see table below) 



E 

IR 
BF 
ED0 
EDC 
BW 
ATc 
ATn 
cs 

Table lI .V2-41 
Summary of Risk Quantitatioa (d~cmieak) 

Rcfacncc Reeepor: On-Property Farm Reidcnt (AduL) 
Via Inhalation of Particulate 

Inblatioo rate d p e r  (RAGS, 1989) 
exposure frcqucng 
exposure duration for non-carcinogns 
Exporure dura tion for ra rcinogcnr 
Body weight 
A v c n g  time forrarcinogens (lifetime) 
A ~ n g  time for n ~ ~ - ~ r c i m g e t ~ ~  (ED0 ~ 3 6 5 )  
Conrrntntion of chemicals in roil 

- 
BWXAT 

Compound Coaocnbation Units 

antimony 
ardor-1254 
ardor-1260 
arsenic 

’ beryllium 
benm(a)pyrcnc 
cadmium 
1.2-didorocthane 
magnesium 
manpncrc 
mcrcury 
SilWX 
2.3.7.8-tdd 
trichlaocthcnc 
uranium-t&l 

2.8B-09 
5.3E-11 

3.9B-09 
4.6E-10 
I.3E- 11 
3.9B-10 

5.7E-06 
5.2E-07 
1.7e-10 
1.3E-09 

7.7B-13 
1.2B-08 

20 m’ttiay 
350 rtaydycar 

70 Year 
70 Year 
70 kg 

25550 dayr 
(see table below) 

25550 dayr 

-_ . 



Table H.V.2-41 (comtimoed) 
Sommaxy of Risk Qurmtitrtiom (chemicals) 

Referenca Receptor: On-Property Pam Residsmt (Adult) 
Via Inhalatiom of Partialroes 

Compound 
anhrmnv 

HQCalculaCon 
CDI RfD HQ 

[mdkg-day) (mdkg-day) [unitless: 
7.6E-10 NA NA 

Compound 
anhrmny I amelor-1254 I 1.4E-11 

ILCR Calculation 
CDI CSF ILCR 

[mdkg-day) [mdkg-dav)-' (unitless 
7.6E-10 NA NA 

amdor- 1260 
arsenic 
beflium 
benm(a)pyrene 
cadmium 
1,2-&cHomethane 
magnesi um 
manganese 
mercury 
silver 
2.3.7.8-tcdd 
trichlometkne 
uranium-total 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.9E-03 

1.4E-OS 
8.6E-OS 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

LOE-02 
5.SE-07 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I I I Hazard Quotient Sum = 1.OE-02 

amc~or-1254 
amdor- 1260 
arsenic 
beflium 
benzo(a)pyrene 
cadmium 
1.2-dcHomethane 
magneaum 
manganese 
mercury 
silver 
2,3.7.8-tcdd 
trichlometkne 
uranium-total 

4E-11 

1E-09 
2E-10 
SE-12 
1E-10 

6E-06 
4E-07 
7E-11 
6E-10 

1E-13 
2E-09 

NA 
NA 

l.SE+Ol 
8.4E+00 
6.1E+00 
6.3E+00 
9.1E-02 

NA 
NA 
NA 
NA 

1.5E+ OS 
6.OE-03 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

1.6E-Ol 
1.OE-Ol 
2.1E-11 
6.7E-1( 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.3E-15 

I I 
I ILCR Summation = 1.8E-08 



tisk Equation 

IR 
EF 
EDn 
ca 

Table ILV.2-42 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: On-Property Farm Resident (Adult) 
Via Inhalation of Gases and Particulates . 

CaX EFX EDn X IR - - 

Inhalation rate of gases (RAGS, 1989) 
Exposure frcquency 
Exposure duration 
Concentration of radionuclides in air 

7.98-07 p W d  

7.98-08 pCj/& 
1.6E-07 p W d  
8.4E-07 p W d  
8.OE-09 p W d  

3.28-06 p W d  

l.lE+Ol p W d  

P a d  

P a d  
P a d  

20 m31day 

70 Year 
350 daystyear 

(see table below) 

CDI CSP ILCR 
Radionuclides (PCi) (pCi)-l (unitless) 

3.9E-01 

3.9E-02 
7.8E-02 
4.1E-01 
3.9E-Q3 

1.6E+00 

5.2E+06 

NA 

NA 

7.OE-09 
7.3E- 13 
6.2E- 11 
8.3E- 12 
2.98-08 
l.lE-07 
2.SE-08 
2.48-08 

NA 

2.78-09 
3.88-06 
2.4E- 12 
6.SE- 13 
1.2E-08 
4.3E- 10 

NA 

NA 
3.7~-OB 

NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 

I ILCR Summation = 3.9E-06 



IRs 
C F  
EF 
@ D O  

E D C  

Bw 
ATc 
ATn 
CS 

Table H.V2-43 
Summary of Risk Quantitation (chcmicak) 

Reference Reecpor: On-Property Farm Resident (Adult) 
Via Incidental Ingestion of Soil 

XCF XJ& 
B W X A T  

10gc~ti00 m t e  of roil (RAGS. 1989) 
Conversion factor 
Erponrrc frequency 
Exporurc dun tion for non-carcinogna 
Exporurc duration for carcincgcna 
Body weight 
Avcmp time for arcinogcns (lifetime) 
Avemp time for aon-mrcinogens (EDn x365) 
Concentra tion of chemicals io soil 

Compound Concentration Units 

antimony 4.OE+OO m P B  
a r d o r -  US4 2.SE-02 mdLs 
arodor- 1260 mdLB 
arsenic 5.8E+OO m P s  
beryllium 6.6E-01 m P B  
bcnm(a)pyrenc 2.0E-02 m P B  
cadmium 6.0E-01 mdLB 
1 .2-didorocU~nc mdlrg 
magnesium 4.8EM3 mdlrg 
manga ncsc B.lE+OZ mdlrg 
mercury 2.1E-01 Wb 
rilwr 1.8E+00 ' 

2.3.7.8-lsdd mdlrg 
trichlaocthcnc 7.6E-04 wk3 
umnium- total 1.2@+01 m P B  

mPJ3 

l80 mglday 

350 daystpar 
1.0E-06 kglmg 

70 Year 
70 Year 
70 kg 

25550 dap 

(sec table below) 
25550 dap 



Table H.V.2-43 (continued) 
Summary of Risk Qmantitation (chemicds) 

Reference Receptor: On-Property Pam Resident (Adult) 
Via Incidental Ingestion of Soil 
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Table H.V.2-44 
Summary of  Risk Quantitation (radionuclides) 

Reference Receptor: On-Property Farm Resident (Adult) 
Via Incidental Ingestion of Soil 

C S X E F X E h  XFIXIR - Risk Equation - 

1% 
EF kposure frequency 
E& kposure Duration 
FI Fractional Intake 
cs 

Ingestion rate of soil (RAGS, 1989) 

Concentration of radionuclides in soil 

'%6+M 3.84E-04 pCimg 
pCimg 

25OE-04 pCi/mg 
6.493-04 pCi/mg 
3.17E-05 pCi/mg 

u235t.226 pCi/mg 
u23&3+2, 2.77E-03 pCi/mg 

pCi/mg 
pCi/mg 

1.19E-04 pCi/mg 
%22 
Sr,+,, 
*% 
%O 
%2+lon 

180 mg/day 
350 days&ar 
70 Year 

1 (unitless) 

pCi/mg 
pCi/mg 
pCi/mg 
pCimg 
pCimg 
pCimg 
pCimg 
pCi/mg 
pCi/mg 
pCi/mg 

CDI CSF ILCR 
Ladionuclides (pCi) (pCi1-l (unitless) 

1.69E+03 

5.25E+O2 
l.lOE+03 
284E+03 
1.40E+O2 

1.22E+04 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.80E- 10 
1.4OE- 12 
3.6OE-11 
1.3OE- 12 
1.3OE-11 
1.70E- 10 
1.6OE-11 
2oOE-11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.32E-06 

1.89E-08 
1.43E-09 
3.7OE-08 
238E-08 

2.44E-07 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.6SE-06 - I ILCR Summation - 

.. . . . .  .C' 
t',..,.: ' . 1. .. I , .:.:, . 



SA 
AP 
ABS 
C P  
EF 
mn 
EDC 
Bw 
ATc 
ATn 
cs 

Table H.V2-45 

Rcfcamct Receptor: On-Ropcrty Farm Rcsidcnt (Adul) 
Via Dermal Cootad wailh Soil 

Summary of Risk Quaditation (d~cmicak) 

P 

F X A T  

Surface arcn of cxpowd skin (50th percentile. hands only) 
S d  torkinadhcrcna hctor (RAGS 1989) 
chemicals spccifica brorhtion factor (see table below) 
Conversion factor 
Exposure frequency 
@xporure due  tion br non-carcinogns 
Exposure due  tion for carcinqgcns 
Body weight 
Averap time forcdrciaogcns (Iiktimc) 
Averag~ time for nm-carcinogens (@Do x36S) 
C o m n t e  tion of chemicals in roil 

Compoud ABS Coaocnteti Units 

antimony 
a rodor- 1254 
a r d o r -  l260 
a ncnic 
beryllium 
knm(a)pyrrnc 
sdmium 
1.2-didorocth ne 
magnesium 
mangncsc 
mercury 
silwzr 
2.3.7,8- ccdd 
trichlaocthcne 
uranium- t&l 

1.00E-02 
6.00E -02 
6.00E-02 
1.00E -03 
1.WE-M 
3 .WE -01 
1.00E-02 
3 .WE -01 
1.00E -02 
1.WE-02 
5.00E-02 
1.00E-02 
3.WE-02 
3.00E-01 
1 .WE - 02 

NA 

3.97E + 00 
2.466E-02 

5.758+00 
6.628-01 
2.00E-02 
S.%E-01 

4.792 +03 
8.128+02 
2.09E-01 
1.84E + 00 

7.SSE-04 
1.16E+01 

1 950 c m b  
1 mglcm 

1E-06 kglmg 
u v  

350 damcar 
70 Year 
70 Year 
70 kg 

25550 d a p  
25550 d a p  
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Compound 
antimny 

Table ILV.2-45 (mntimued) 

HQ Calculation 
CDI RfD HQ 

(mdkg-day) (mdkg-day) (udtless 
3.13E-06 6.00E-05 5.21E-0: 

amclor-1254 
amclor- 1260 
arsenic 
b e d i u m  
benm(a)pyrene 
cadmium 
1.2-dcIiometbne 
magnesium 
manganese 
mercury 
silver 
2.3.7.8- tcdd 
trichlometkne I uranium-total 

NA NA 
NA NA 
2.8SE-04 1.59E-0: 
5.00E-03 1.04E-0. 
NA NA 

NA NA 
5.00E-05 9.39E-0: 

4.8SE-01 7.71E-0: 
4.20E-03 1.52E-0 
4.50E-05 1.83E-0: 
NA NA 
NA NA 
5.88E-03 3.03E-0( 
1.50E-04 6.09E-0: 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 

I HQ Summation = 3.02E-0' 

If Risk Qtuntikion (chdmicals) 
)r: On-Pmpertg Pam Residemt (Adult) 
DermalCont.ctwilh Soil 

I ILCR Calculation 
I CDI I CSF I ILCR 

Compound 
antimny I3.13E-06 NA NA 

I (rndkg-day)I (mdkg-day)-' I (udtlesr 

amc~or-1254 
amclor- 1260 
arsenic 
beqllium 
benm(a)pyrene 
xdmium 
1.2-dciiometbane 
magnesi um 
manganese 
mercury 
silver 

lrichlometkne 
uranium - total 
2.3.7.8-tcdd 

1.03E+01 
1.03E+01 
1.84E+00 
4.30E+00 
NA 
NA 

NA 
NA 
NA 
NA 

1.01E-01 

3.00E+05 
1.12E-02 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.19E-0 

8.34E-0 
2.24E-0 
NA 
NA 

NA 
NA 
NA 
NA 

2.00E- 11 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I ILCR Summrtioo = 4.27E-0( 

I 



IR 
EP 
ED0 
E D C  
BW 
ATc 
ATn 
cs 

Table KV2-46 
Summary of Risk Quaotita&ion (ehcmicak) 

Rcfucncc Receptor: 00-Ropcrty Farm Rcsidcnt (Aduh) 
Via Drinking Wda Ingestion 

Ingestion etc of groundwater (RAGS, 1989) 
Exposure Lcqucnfy 

Exposure due tion for carcinogens 
Body weight 
Averag time forarchgens (liktime) 
Averag time forncm-carciDOgens (ED0 x36S) 
Concentration of chemicals in groundwater 

EXPOSUIC duetion for OOO-IXIC~~O~OS 

- 
B W X A T  

Compoud Coluentmtion Units 

antimony 
ardor- US4 
ardor-U60 
arsenic 
teryllium 
knm(a)pyrcnc 
cadmium 
1,2-did1lorocthanc 
magnesium 
mangncsc 
mercury 
S i h X  

2.3.7.8 - tcdd 
trichlaocthcnc 
uranium- total 

2 vlhy 
350 daystycar 
70 Year 
70 Year 
70 kg 

25550 dap 
25550 days 



Table H.V3-46 ( ~ . t i~~d)  
Summary of Risk Qnantitrtiom (chenials) 

Rebrente Reaptoor: &-Property Fam Residemt (Adult) 

[ HQ Calculation 
I CDI I RfD I HQ 

Compound 
antimny INA 4.00E-04 NA 

I (mdkg-day) 1 (mdkg-day) I (uuitless' 

aroc~or-1254 
aroclor-1260 
arsenic 
beqllium 
benzu(a)pyrene 
cadmium 
1.2-dcHoroetkane 
magnesium 
manganese 
mercury 
silver 
2,3,7,8-lcdd 
trichlometkne 
uranium-total 

NA 
NA 
3.00E-04 
5.00E-03 

1 .WE -03 
NA 

NA 
9.70E+00 
5.00E-03 
3.00E-04 
5.00E-03 

6.00E-03 
3. WE - 03 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 
NA 
NA 

5.74E-O! 

1.89E -05 
3.52E-01 
2.438-08 

NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

8.24E-02 

I HQ Sumrmtion = 4.34E-01 

I ILCR Calculation 
I CDI I CSF I ILCR 

Compound 
anhmny INA NA NA 

I fmdkg-day)I (mdkg-day)-' I furitless 

amclor-1254 
amclor-1260 
arsenic 
beqlliurn 
benm(a)mene 
cadmium 
1,2-dcHoroetbne 
magnesium 
manganese 
mercury 
silver 

trichlometkne 
uranium - to tal 

2.3.7.8-tcdd 

7.70E + 00 
7.70E+00 
1.7SE+00 
4.30E+00 
7.30E+00 

9.10E-02 
NA 

NA 
NA 
NA 
NA 
1.50E+OS 
1.10E - 02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
3.01E-08 

I 

I ILCR Summation = 3.01E-08 

, 



Risk Equation 

IR 
EF 
EDn 
FI 
cw 

Table H.V.2-47 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: On-Property Farm Resident (Adult) 
Via Ingestion of Drinking Water 

CWX EFX EDn X FI X IR - - 

Ingestion rate of groundwater (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Fractional intake br radionudies 
Concentration of radionuclides in groundwater 

R%+Sd 3.3E- 10 

S'90+ld 2.8E-02 
TC, 1:7E+01 

%+lM 
~ p s n 3 6  1.3E-01 
um+2d 3.OE+00 

%xz 

%w 

2 Vday 

70 Year 
350 daysfyear 

1 (Unitlen) 
(see table below) 

CDI CSF ILCR 
Radionuclides ( p a )  (pa)- '  (unitless) 

1.6E-05 
NA 

1.4E+a3 
8.2E+05 

NA 
NA 

65E+a3 
1.5E+05 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.8E- 10 
1.4E- 12 
3.6E- 11 
1.3E- 12 
1.3E- 11 
1.7E- 10 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.3E- 14 

5.OE-08 
1.lE-06 

NA 

NA 
NA 

1.OE-07 
2.9E-06 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.2E-06 - I ILCR Summation - 



- 0  

Table H.V2-48 
Summary of Risk Quantitatioa (chemic&) 

R e f a a c e  Recepor: On-Property Farm Resident (Aduk) 
Via Dermal Contad whileBathing 

DA 
EP 
EDs 
EDc 
Bw 
ATc 
ATn 
SA 

Dcrrml absabed dose 
Exposure frequency 
Exposure duration for nos-carcinognr 
expOrurc duntion forercinogcns 
Body weight 
Averap: time forercimgcnr (liktimc) 
Avcmp h e  for urn-ercinogcns (EDn x365) 
Skinrurhccarea awilable forcontict 

DAXEFXEDXSA 
B W X A T  

FSV mg/cm2-&y 
350 damcar 
70 Year 

70 kg 

25550 days 
‘23OOO cm2 

70 Year. 

25550 days 

Compoud D A  Units 

antimony 
a rodor- US4 
a rodor- U6O 
arsenic 
beryllium 
benzo(a)pyrrnc 
cadmium 
1.2-didoroethne 
magnesium 
manganese 
mercury 
silwr 
2.3.1.8 - tcdd 
trichlaoethenc 
ura nium- total 

NA mg/cm2- L y 
NA mg/cm2-day 
NA mg/cm2-&y 

NA mg/cm2-&y 
NA mg/cmZ-Ly 
NA rndcmz-ctay 
NA mgjcm2- ~y 
1.678-08 mg/cm2-Ly 
1.61E-07 mg/cm2-Ly 
6.648-16 mglcm2-Ly 
NA mg/cm2-Ly 
NA mdcm2-Ly 
NA mg/cm2-day 
2.26E -08 mg/cm2- L y 
NA mgtcm2- L y 

1.S7E-12 mg/cm2-Ly 

Compoud D A  Units 

NA mgtcm2-Ly 
NA mglfm2-L y 
NA mucrn2-L y 
NA mg/cm’-Ly 
NA mg/cml-L y 
NA mg/cm2-Ly 
NA mg/cm2-Ly 
NA mdcm2-Ly 
NA mg/crn’-L y 
NA mg/cm2- ~y 
NA mg/cm2-&y 
NA mg/cm2-&y 
NA mg/cm2-Ly 
NA mg/cm’-Ly 
NA rnglcm2-L y 

I 

I 

! 

I 
I 
1 

I 

I 

I 

I 

I 
. I  

! 

cb 
a3 1 

e 
W 

I 



Table H.V.2-48 (amtimeed) 

Via r _ _  - 
I HQ Calculation 

I I CDI I RID I HQ 

Summary of Risk' Qoamtibtiom (chemicals) 

mal Contactwhile Elrthi118 
I ILCR Calculation 
I CDI I CSP I lLCR 

Compound 
antinmnv !NA 6.OOE-OS NA 

I (mdkg-day) I (mplkg-day) I (uutless) 

amclor-1260 
arsenic 
beqllium 
benm(a)pyrene 
cadmium 
1,2-bcHoloethne 
magnesium 
manganese 
merury 
silver 
2.3.7.8- tcdd 
trichloroetkne 
uranium-total 

E-10 

E-06 
E-OS 
E-13 

E-06 

I I I HQ Summation = 5.948-0 

NA 
NA 
2.8SE-04 
S.OOE-03 

S.OOE-OS 

4.8SE-01 
4.20E - 03 
4.SOE - OS 

NA 

NA 

NA 
NA 
S.88E - 03 
1 .SOE - 04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 
NA 
NA 

1.74E-06 

1.09E-0 
1.20E-0 
4.65E-0 

NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.748-0 

bmpound 
intinmnv INA NA NA 

I (mu/kg-day)l (mplkg-day)-' I (uritless 

I 

I 

I I I E R  Summation = 9.11E-1( 

imc~or-12~4 
imclor - 1260 
irsenic 
iewium 
ienao(a)pjrene 
odmium 
..2-dcHomethne 
nagnesium 
nanganese 
nerury 
ilver 
!,3,1.8 - tcdd 
richlometkne 
iranium- total 

1.03E+01 
1.03E+01 
1.84E+W 
4.30E+OO 

NA 
NA 

NA 
NA 
NA 
NA 

1.01E-01 

3.OOE+OS 
1.12E-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

9.11E-l[ 

. . .  , 

. .  , 

I .. 
. .  



'.' 
IR 
FI 
EP 
EDn 
EDC 
BW 
ATc 
ATn 
cs 

Table H.V2-49 
Summary of RiFk Quaditation (chemic&) 

Rctamcc Receptor: On-Property Farm Rcsident (Adul) 
Via Ingestion of Meat Products 

- 
BWXAT 

Ingestion rate of meat 
Fraction ingated from conemhated SOUIOC 
Exposure frequenqr 
Exposure duration for non-carcinogns 
Exposure dug tion for B rcinqgcns 
Body weight 
Avenp: time for carcinogens (liktimc) 
A v e n g  time for o m - a r c h g e n s  (EDn x365) 
Coxenhation of chemicals in meat 

Compoud Concentration Units 

antimony 
a r d o r -  US4 
a r d o r -  U60 
arsenic 
beryllium 
beniu(a)pyrcne 
cadmium 
1,2-diddoroctk9 ne 
magnesium 
manganese 
mercury 
S i l K I  

trichlaocthcnc 
uranium-total 

2.3.7,a-lcdd 

4.2E-05 
7.5E-07 

2.9B-05 
6.6B-07 
6.8B-07 
9.2B-06 

1.2E+00 
4.2E-03 
2.4B-03 
l . lE-04 

3 . a ~ - i o  
2.28-06 

0.1 k g h y  
0.75 (Unitleu) 
350 dayr3car 
70 Year 
70 Year 
70 kg 

25550 day 
25550 days 



Table H.V.2-49 (mntinued) 
Summary of Risk Qmntitrtiom (&enials) 

Xebrenea Receptor. On-Propity Pam Resident (Adalt) 
Via Ingestion of Meat Prodmcta 

Compound 
antinony 
amdor-1254 
amclor- 1260 
arsenic 
beqllium 
benm(a)ppne 
cadmium 
1.2-dcblotuethne 
magnesium 
manganese 
mercury 
silver 
2.3.7.8-lcdd 
trichloroetkne 
uranium-total 

HQ Calculation 
CDI I RID I HQ 

mrJh-day) I (mplk-day) I (ulidess 
4.3E-08 4.OE-04 1.1E-0 
7.7E-10 
IA 
3.OE-08 
6.8E-10 
7.OE-10 
9.4E-09 
IA 
1.2E-03 
4.38-06 
2.4E-06 
1.2E-07 
IA 
3.9E-13 
2.3E-09 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 

NA 
NA 

3.OE-04 
5.OE-03 

1.OE-03 

9.7E+00 
1.4E-01 
3.OE-04 
S.OE-03 

6.OE - 03 
3.OE-03 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

9.8E-05 
1.4E-07 

9.48-06 

1.3E -04 
3.1E-05 
8.1E-03 
2.3E-05 

6.5E- 11 
7.7E-07 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

HQ Somumtion = 8.58-03 

hmpound 

lmclor-1254 
Imclor-1260 
IrseniC 
ieqllium 
iem(a)pyrene 
admium 
.,l-dcHotuethne 
nagoesum 
nangpnese 
nercury 
ilver 
!.3.7.8 - tcdd 
ricblometkne 
iranium -total 

1ntimony 

ILCR Calculation 
CDI CSF ILCR 

ImrJk-day) (mp/h-day)-' (uridessl 
4.3E-08 NA NA 
7.7E-10 
IA 
3.OE-08 
6.8E-10 
7.OE-10 
9.4E-09 
IA 
1 .ZE - 03 
4.3E-06 
2.4E-06 
1 .ZE -07 

IA 
3.98-13 
2.3E-09 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 

7.7E+00 
7.7E+00 
1.8E+00 
4.3E+00 
7.3E+00 

9.1E-01 
NA 

NA 
NA 
NA 
NA 

1.5E+05 
1.lE-01 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.9E-09 

5.2E-08 
2.9E-09 
S.1E-09 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.38-15 

I W R  Somumtion = 6.6E-08 

R 
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Risk &nation 

IR 
FI 
EF 
EDn 
Cf 

Table H.V. 2- 50 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: On-Property Farm Resident (Adult) 
Via Ingestion of Meat Products 

= CfX EFX EDn X FI X IR 

Ingestion rate of meat 
Fraction ingested fmmcontaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in meat 

RaZm+Rd 1.2E-04 
b222 NA 
SrW+id 4.5E-03 
*% 1.OE+00 

2.1E-06 
1.OE-07 

UPSa3a 1.3E-06 
urn+, 5.4E-04 

-43 
&+lM 

0.1 kg/day 
0.75 (Unitless) 
350 dayslyear 
70 Year 

2.2E-01 
NA 

8.2E+00 
1.9E+03 
3.9E-03 
1.9E-04 
2.4E-03 
1.OE+00 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.8E- 10 
1.4E- 12 
ME- 11 
1.3E- 12 
1.3E- 11 
1.7E- 10 
1.6E- 11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.7E- 10 

3.OE- 10 
2.4E-09 
5.OE- 14 
3.2E- 14 
3.9E- 14 
2.OE- 11 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 
2.9E-09 - I ILCR Summation - 



IR 
FI 
EF 
ED0 
EDC 
BW 
ATc 
ATn 
cs 

P 

Table Ii .V2-51 
Summary of Risk Quantitation (chemic&) 

Rcfcrmcc Reccpor: On-Ropcrty Farm Rcsidmt (Adult) 
Via Ingestion of Dairy R o d u d s  

- 
BWXAT 

Ingestion nkofdairyprodlrts 0.4 Uday 
Fraction ingested from contamimkd soume 0.75 (Unitlco) 
exponrrc frcqucng 350 & w e a r  
Exposure due  tion for non-carcinopnr 
Exposure dura tion for ca rcincgcos 
Body weight 70 kg 
Averagc time for carcinogens (lilclime) 
Avelagc time for om-tarcinogcnr (EDn x365) 
Concenmtion of chemicals inanimal p r c d ~ ~ t l  

70 Year 
70 Year 

25550 dap 
25550 dap 

Compoud Concentration Units 

a ntimolly 
a rodor-U54 
arodor-UbO 
arsenic 
bcryilium 
bcnm(a)pyrenc 
cadmium 
1.2-didoroctha 
magnesium 
manpncre 
mercury 
silwr 
2.3J.0- lcdd 
trichlmoethcnc 
uranium- tdal 

ne 

4.2E-03 
2.4E-04 

a .6e-04  
6.0E-07 
2.2E-04 
1.7E-02 

9.68+02 
3.7@+00 
4.3E-03 
7.5E-01 

1.2E-07 
6.88-03 

Compoud Concentntion Unio 



Table ILV.2-51 (aomt imued)  
Summary of Risk Qoantitrtiom (denials) 

Rebrenca Receptor: &-Property Fam Resident (Adult) 
Via Ingestion of Dairy Prodmetti 

HQCalculation 
CDI RfD HQ 

3 m p u n d  (mdkg-day) [mdkg-day) (unitless' 
1ntimony 1.7E-05 4.OE-04 4.3E-0; 
11DC~01L12~4 
Imclor-1260 
IrSeniC 
,er)Uium 
,enzo(a)wene 
rdmium 
L.2-dcHowethane 
nagnesum 
nanganese 
nemry 
aver 
!.3,7.8- tcdd 
ricHometkne 
iranium - total 

NA 
NA 

3.OE-04 
5.OE-03 

1.OE-03 

9.7E+00 
1.4E-01 
3.OE-04 
5.OE-03 

6.OE-03 
3.OE-03 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

1.2E-0; 
4.9E-0; 

NA 

NA 
6.9E - 0; 

4.1E-01 
LlE-01 
5.9E-0; 
6.2E-01 

NA ' 

8.2E-Ot 
9.3E-03 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 

I HQ Summation = 1.3E+OC 

ampound 
antimony 
amclor-1254 
imclor- 1260 
lrSeniC 
i e d i u m  
ienzo(a)pyene 
admiurn 
L1-dctiowethane 
magnesium 
manganese 
merrury 
Pver 

:ricHometkne 
innium - to tal 

1.3.7.8-tcdd 

ILCR Calculation 
CDI CSF ILCR 

[mdkg-day) (mdk-day)-* (uutless 
1.7E-05 NA NA 
9.78-07 7.7E+00 

IA 7.7E+00 
3.SE-06 1.8E+00 
2.4E-09 4.3E+00 
8.8E-07 7.3E+00 
6.9E-05 NA 
1A 9.1E-02 
3.9E+00 NA 
1.5E-02 NA 
1.8E-05 NA 
3.1E-03 NA 
IA 1.5E + 05 
4.9E-10 l.lE-02 
2.8E-OS NA 
IA NA 
IA NA 
IA NA 
IA NA 
IA NA 
IA NA 
IA NA 
IA NA 
IA NA 
IA NA 
IA NA 
IA NA 
IA NA 
'A NA 
'A NA 
IA NA 

7SE-01 

6.2E-01 
l.lE-01 
b.5E-M 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.4E-1: 

LCR Summation = 2.OE-0! 

I 



Risk Equation 

IR 
FI 
EF 
EDn 
Cp 

Table H-V.2-52 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: On-Property Farm Resident (Adult) 
Via Ingestion of Dairy Products 

Cp X EFX E h  X FIX IR - - 

Ingestion rate of dairy products 
Fraction ingested fmmcontaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in animal products 

2.2E-01 
NA 

2.2E+01 
1.2E+(17 
1.7E-(17 
8.6E-05 

- 4.88-(17 
1.6E+00 

0.4 Vday 
0.75 (Unitless) 
350 dayslyear 
70 Year 

CDI CSF ILCR 
.adionuclides (pCi) (pCi)-' (unit less) 

1.6E+(17 
NA 

1.6E+05 
8.8E+06 
1.3E+01 
6.3E-01 
3.5E+01 
1.2E+04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.8E- 10 
1.4E- 12 
3.6E-11 
1.3E- 12 
1.3E-11 
1.7E- 10 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.2E-06 

5.9E-06 
l.lE-05 
1.7E- 10 
1.1E-10 
5.6E- 10 
2.4E-U7 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I ILCR Summation =: 1.9E-05 
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Table H.V2-53 
Summary of Risk Quantitation (chemic&) 

Xefamce Receptor: On-Property Farm Resident (Adult) 
Via Ingestion of Vegdablrs and FruL 

IR 
FI 
EF 
E J h  
E D C  
BW 
ATc 
ATn 
cs 

CSXEPXEDXFIXlR 
B W X A T  

Ingestion rate of fruits or vegcta blcs 
Fraction ingested from contamimted SOUKC 

Exposure frequeng 
Expacure dura tion for non-carcinogns 
Exposure duration for srcinogcns 
Bady weight 
Avcrag time for carcinogens (lilctimc) 
A v e n p  time for nm-srcinogens (EDn ~36.5)  
Cooecntzi tion of chemicals in vegetables 

Compoud Concentzition Units 

antimony 
a rodor- lZ54 
arodor-lZ6O 
arsenic 
beryllium 
b e n m ( a ) p n e  
cadmium 
1,2-diddorocth 
magnesium 
manganese 
mercury 
SilWX 
2.3.7.8-tcdd 
trichlmocthcnc 
UP nium- t a l  

Bcfcrenccr 

1 ne 

1.9E-01 
3.1E-04 

2.3E-01 
6.6E-03 
2.3E-04 
3.3E-01 

4.8E+03 
2.OE+02 
1.9E-01 
7.4E-01 

1.2E-03 
1.4E-01 

0.122 kglday 
0.5 (Unitless) 
3Yl daydyear 

70 Year 
70 Year 
70 kg 

ZSSYl dap 
2ssYl dap 

Compoud Concentzi tion Unitr 

I 
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Table H.V.2-53 (continued) 
Summary of Risk Qoantitation (chemials) 

Reference Receptor: On-Proprty Farm Resident (Addt) 
Via Ingestion of Vegetablsr and Fruits 

intimony 
lmclor-1254 
lmclor- 1260 
irsenic 
xqllium 
#enm(a)Wene 
:admiurn 
L,2-dctlometbane 
nagnesium 
nanganese 
neEury 
fiver 
!,3.7,8-t~dd 
richloroetkne 
rranium -to tal 

HQCaculation 
CDI RID HQ 

)ompound (mp/kg-day) (mdkg-day) (unitless] 
6.68-04 4.OE-04 1.7E+OC 

NA 
NA 

3.OE-04 
S.OE-03 

1 .OE -03 

9.7E+00 
1.4E-01 
3.OE-04 
5.OE-03 

6.OE - 03 
3.OE-03 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

6.4E-01 
1.1 E-03 

2.7E-01 

4.1E-01 
1.2E+OC 
5.2E-01 
1.2E-01 

1.7E-01 
4.OE-01 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I I H Q  summation = 4.9E+OC 

Compund 
antimony 
amclor-1254 
aroclor - 1260 
arsenic 
beqllium 
benm(a)pyrene 
cadmium 
1.2-dcliomethane 
magnesium 
manganese 
mercury 
silver 
2.3.7.8- tcdd 
trichloroetkne 
uranium-told 
trichloroetkne 
uranium-told 

ILCR Calculation 
CDI CSF ILCR 

(mrJkg-day) [mp/kg-day)-' furitless; 
6.68-04 NA NA 
2.68-01 
IA 
1.9E-04 
5.5E-06 
1.9E-07 
2.78-04 
IA 
4.OE+00 
1.7E-01 
1.6E-04 
6.2E-04 
IA 
1.OE-06 
1.2E-04 

IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 

7.7E+00 
7.7E+00 
1.8E+00 
4.3E+00 
7.3E+00 

9.1E-02 
NA 

NA 
NA 
NA 
NA 

1.5E+OS 
1.1E-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.OE-06 

3.48-04 
2.4E-05 
1.4E-06 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.1E-08 

LCR Summation = 3.68-04 
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lisk Equation 

IR 
FI 
EF 
EDn 
Cv 

Table RV.2-54 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: On- Property P a m  Resident (Adult) 
Via Ingestion of Vegetables and Fruits 

CvX EFXEDn X FI X IR - - 

Ingestion rate of fruits or Vegetables 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in vegetables 

0.122 kg/day 
0.5 (Unitless) 
350 daysbear 
70 Year 

5.8E+00 
NA 

3.OE+02 
2.58+(10 
5.5E-01 
2.7E-02 
6.5E-01 
3.8E+01 

CDI CSF ILCR 
tadionuclides (pC1) ( p a ) - l  (unitless) 

8.6E+(10 
NA 

4.4E+05 
3.7E+C6 
8.2E+02 
4.OE+01 
9.7E+02 
5.7E+04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

e NA 
NA 
NA 
NA 

7.8E- 10 
1.4E- 12 
3.6E- 11 
1.3E- 12 
1.3E- 11 
1.7E- 10 
1.6E- 11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.78-06 

1.6E-05 
4.88-06 
l.lE-08 
6.88-09 
1.6E-08 
1.lE-06 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I ILCR Summation - - 2.9E-05 



Table I-LV.2-55 
Summary of Risk Quantitation (radionuclides) . 

Reference Receptor: On-Property Farm Resident (Adult) 
Via External Radiation 

>om. EquivalcncyEquat: = [DRXEFXEDnXm:,X(l-SH;)] +[DRXEFXEDnX ET,X(1-SH0)] 

EF Fraction ofyear spent exposured 
ED Exposure duration 

Fraction of day spent indoors 
Fraction of day spent outdoors 
Shield factor indoors 
Shield factor outdoors 
Radionuclide specific dose concentrations 

ET; 
ET0 
SH; 
SHO 
DR 

3.848-01 pWg 

1.19E-01 pWg 
2.50E-01 pWg 
6.45E-01 pWg 
3.17E-02 pWg 

NA PWB 

NA P c v g  

NA Pcilg 
NA PWt3 

2.77E+OO pCVg 

0.96 (unitless) 

0.76 (unitkss) 
0.24 (unitkss) 
0.5 (unitless) 

(unitless) 
(see table below) 

70 Year 

NA 
NA PWg 
NA P a l 3  
NA P a t 3  
NA PWB 
NA P W  
NA PWB 
NA P c V e  
NA PWg 
NA PWi3 

CDI CSF ILCR 
Radionuclides (year pCilg) (g/pCi-year)-' (unitless) 
I 

1.6E+01 

5.OE+OO 
l.OE+Ol 
2.7E+o1 
1.3E+OD 

1.2E+02 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.OE-06 
1.2E-09 

6.OE- l3 
5.4E- 11 
8.5E-06 
2.4E-07 
5.1E-OB 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

9.6E-05 
NA 

6.2E- 12 
1.5E-09 
1.1E-05 

5.9E-C6 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I I ILCR Summation = l.lE-04 



IR 
EP 
ED0 
E D C  
BW 
ATc 
ATn 
cs 

Table H.V2-56 
Summary of Risk Quantitrlion (chemicals) 

R e f a m c e  Receptor: On-Ropaty Farm Rcsidmt (Child) 
Via Inhalation of  Particulate 

Inhalationratcd@scs (RAGS. 1989) 
Exporure frcqucnfy 
Exporure duration for 000-carcinogns 
Exporvre duration for arcincgcns 
Body weight 
Avengc time for carcinogens (liktime) 
Avcrap time for om-carcinogens (EDn ~36.5) 
Concentration of chemicals io soil 

- 
BWXAT 

Compould Concentra tion Units 

antimony 
ardor-US4 
a r d o r -  U60 
arsenic 
beflium 
bcnm(a)pymnc 
admium 
1.2-dirhloroch ne 
magnesium 
manganese 
merculy 
r i l w  
2.3.7.8 -tcdd 
trichlarocthcnc 
uranium- t a l  

2.88-09 
S.3E-11 

3.98-09 
4.6E-10 
1.3E-11 
3.9E-10 

S.7E-06 
5.2E-07 
1.7E-10 
1.3E-09 

7.78-13 
1.2E-0.9 

u m’~day 
350 da*r 

6 Year 
6 Year 

IS kg 
2SSB dap 
2190 dap 

(see table below) 

Compoud Concentration Units 

mdm3 
mg/m3 
mum3 
mdm’ 
mdm3 
mum3 
mg/m3 
mum3 
mg~m3 
mg/m3 
mdm3 
mdm3 
mum’ 
mgm3 
mg/m3 



Table H.V.2-56 cooatiaued) 

3 m p u n d  
intimny 

Snmmary of Risk Qoanti't.tioa (chemicals) 
Refmeace Receptor: On-Property hm Resideat (Child) 

Via Inhalation of Partialaes  

ILCR Calculation 
CDI CSF ILCR 

(mdkg-day) [mrJkg-day)-' (uutless) 
ME-10 NA NA 

hmpound 
intimny I 2.1E-09 

HQ Calculation 
CDI RfD HQ 

[mdkg-day) [mdkg-day) (ulitless) 

imc~or -1254 
lmclor-1260 
1rsenic 
ieflium 
lenao(a)pyrene 
admium 
.2-dcHomcthne 
nagnesi um 
nanganese 
nerrury 
aver 
!.3,7,8-lcdd 
richlometkne 
iranium- total 

OE-11 

OE-09 
SE-10 
8E-12 
OE-10 

4E-06 
OE-07 
3E-10 
OE-09 

9E-13 
9E-09 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.9E-03 

1.4E-05 
8.6E-OS 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.8E-02 
1.SE-06 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 

I Hazard Qnotient Snm = 2.8E-02 

imclor- 1254 
imclor-1260 
inenic 
,cqUium 
)cnao(a)pyrcne 
admium 
1.2-dcHomethne 
magnesium 
manganese 
mcrrury 
iilver 
1.3.7.8-kdd 
lrichlomctkne 
uranium-total 

SE-12 

SE- 10 
OE-11 
4E-13 
6E-11 

8E-07 
4E-08 
1E-11 
7E-11 

1E-14 
6E-10 

NA 
NA 

l.SE+Ol 
8.4E+00 
6.1E+00 
6.3E+00 
9.1E-02 

NA 
NA 
NA 
NA 

1 .SE+ OS 
6.OE - 03 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

3.88-09 

S.1E-12 
1.6E- 10 

~.SE-IO 

NA 
NA 
NA 
NA 
NA 
NA 3.OE- 16 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

LILCR Snmmation = 4.2E-09 
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list Equation 

IR 
EF 
EDn 
ca 

Table KV.2-57 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: On-Property Farm Resident (Child) 
Via Inhalation of Gases and Particulates 

CaX EFX EDn X IR - - 

Inhalation rate of gases (RAGS, 1959) 
Exposure frequency 
Exposure duration 
Concentration of radionuclaes in air 

7.98-07 p W d  
l.lE+Ol pWm’ 
7.9E-OB p a d  
1.6E-07 p W d  
8.4E-07 p W d  
8.OE-09 pWm’ 

3.2E-06 pCVd 
pWm’ 

P a d  
Pad 

12 m’lday 
350 daysbear 

6 Year 
(see table below) 

CDI CSF . ILCR 
:adionuclides (Pa) ( a)-1 (unit less) 

2.OE-02 

2.OE-03 
4.OE-03 
2.1E-02 
2.OE-04 

8.OE-02 

2.7E+G5 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.OE-09 
7.3E- 13 
6.2E-11 
8.3E- 12 
2.9E-OS 
1.1E- 07 
2.5E-OB 
2.4E-OB 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.4E- 10 
2.OE-07 
1.2E-13 ’ 

3.3E- 14 
6.2E- 10 
2.2E- 11 

1.9E-09 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.OE-07 - I ILCR Summation - 



IRI 
C F  
EF 
@ D O  

EDc 
Bw 
ATc 
ATn 
cs 

Table 11.V2-58 

Befarnce Raeepor: On-Ropcr(y Farm Rcsidrnt (Child) 
Via Incidental Ingestion of Soil 

Summary of Risk Quantililian (chemic.Ls) 

Ingcation rate of roil (RAGS. 1989) 
Cowerrion factor 
exposure frcqucnq 

exporurc duntion for arciaogcns 
Exporure duration for O O O - ~ ~ I C ~ ~ O ~ I I S  

Body weight 
A v c n ~  time forarcimgcnr (liktimc) 
Avcngc timc for om-carcinogens (ED0 x365) 
Coocentra tion of chemicals in soil 

' Compourd Coaccnhation Units 

antimony 4.OE+OO mdks 
a r d o r -  US4 2.5E-02 mdlra 
a r d o r -  I260 mdlrs 
ancnic 5.8E+00 mdlrs 
bcryilium 6.6E-01 m%kg 
bcnm(s)pyrcnc 2.0E-02 mdlrg 
admiurn 6.0E-01 m s k s  
1.2-didoroctboc , mdlrg 
magncrium 4.8@+03 mdlrg 
manginere 8.1@+02 mdlrg 
mercury 2.1E-01 wk3 
ril\lcr 1.8@+00 ' mgkg 
2.3.1.8-lcdd mdLg 
trkhlaocthcne 7.6E-04 mdlra 
unnium- total 1.2@+01 mdlra 

mwks 

200 muday 

350 daydycar 
1.0E-06 k g h 8  

, 6 Y a r  
6 Year 

15 kg 
25550 dap 

(see table below) 
2190 dap 
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Table H.V.2-58 (continued) 
Snnmary of Risk Qnamtikiom (ek&da) 

Reference Receptor: On-Property Farm Resident (Child) 

HQ Calcula ion 
I CDI 

uo~ l~r -  1254 
UOCICX - 1260 
usenic 7.4E-OS 3.OE-04 2.5E-01 
myltium 8%-06 S.0E-03 1 .E-03  

mimium 6E-06 1.OE-03 7.6E-03 
,emo(a)pyrene 2.6E-07 NA NA 

1.2- dichluoet hane 
nagnsium 
nanganse 1.OE-02 1.4E-01 7.4E-02 
nacury 2.7E-06 3.OE-04 8.9E-03 

!.3,7.8-tcdd 
ilva 

richluoethene 
iranium-total 

~~ 

I ILCR Calculation 
I CDI I ILCR 

uoclor 1254 

usenic 
myllium 
)enzo(a)pyrene 
mimium 
1.2-dichlarod hane 
nagnsium 
nanganse 
naculy 
,iba 
!.3,7.8-tcdd 
richlucethene 
uanium-total 

UOCICY - 1260 
7.7E+Oo 
7.7E+Oo 
1.8E+oo 
4.3E+00 
7.3E+Oo 

NA 

NA 
NA 
NA 
NA 

9.1E-02 

1.5E+os 
l.lE-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.1E-07 

1.1E-05 
3.1E-06 
1.6E-07 

NA 

NA 
NA 
NA 
NA 

9.1E-12 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I I ILCR Sumrmtion = 1 s - 0 5  

I 



Risk Equation 

IRS 
EF 
EDIl 
FI 
cs 

Summary o f  Risk Quantitation (radionuclides) 
Reference Receptor: On-Property Farm Resident (Child) 

Via Incidental Ingestion of Soil 

cs x EFx EDII x FI XIR - - 

Ingestion rate of soil (FWGS. 1989) 
Epsure kequency 
Eqxmre Duration 
Fractional Intake 
Concentration of radionuclides in soil 

3.84E-04 pCi/mg 
pCi/mg 

1.19E-04 p c i g  
25OE-04 p c i g  
6.492-04 pcihng 
3.17E-05 p c h g  

P c i g  
277E-03 p c i g  

pcimg 
pcimg 

200 mg/day 
350 daydyear 

6 Year 
1 (unitless) 

pCi/mg 
pCi/mg 
pCi/mg 
pCimg 
P C h g  
P c b g  
P c h g  
P c h g  
pcimg 
pCi/mg 

CDI CSF ILCR 
ladionuclides (pCi) (pCi1-l (unitless) 

1.61E+02 

S.OOE+Ol 
1.ME+02 
27lE+02 
133E+01 

1.16E+m 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.80E- 10 
1.4OE-12 
3.6OE-11 
1..3OE- 12 
13OE- 11 
1.7OE-10 
1.6OE- 11 
2OOE- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.26E-07 

1.8OE-09 
137E- 10 
352E-09 
226E-09 

233E-08 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 



0 

SA 
AF 
ABS 
C F  
EP 
ED0 
E D C  
Bw 
ATc 
ATn 
CS 

nerurnce necepor: un-rropexty r u m  nataan (c;mial 
Via Dermal Contad wPh Soil 

- 
B W X A T  

Surfacearea of exposed skin (50th percentile, hndc only) 
S d  to rkinadhcrcna Lctor (RAGS, 1989) 
chcmiulr spccificabsorbtion factor (SCC table below) 
Conversion factor 
Exposure frequency 
@xposurc duration for non-carcinopns 
Expmurc dun tion for ca rcinogcns 
Body wcight 
Aveng time for carcinogens fliktimc) 
Avetag time for om-carcinogens (EDn 1365) 
Colvcntra tion of chemicals in soil 

Compourd ABS Colrcnhati Units 

antimony 
arodOI-U54 
arodor-U6O 
arsenic 
beryllium 
benm(a)pyrcnc 
cadmium 
1.2-didorocthnc 
magnesium 
manganese 
mercuv 
SnKr 

2.3.7.8-lcdd 
trichlaocthcnc 
uranium-total 

1.00E-02 3.97E+W 
6.00E-02 2.46B-02 
6.00E-02 
1.00E-03 5.75E+W 
1.00E-02 6.62B-01 
3.00E-01 2.WE-02 
1.00E-02 %%E-01 
3.00E-01 
1.00E-02 4.75E+03 
1.00E-02 8.12E+02 
5.00E-02 2.09E-01 
1.00E-02 1.84E+W 
3 .WE -02 
3.00E-01 7.5%-04 
1.00E-02 1.16E+01 

N A  

I 2000 cm4& 
1 mgkm 

1E-06 kumg 
a v  

3% damear 
6 Year 
6 Ycar 

15 kg 
2 5 5 s  days 
2190 days 

. . .  , .  



Table H.V.2-60 (mmtimned) 

Cnmpund 
antimny 
amclor- 1254 
amclor-1260 
arsenic 
beqllium 
betm(a)pyrene 
cadmium 
1,2-dcHonethane 
magaesium 
manganese 
merury 
silver 
2.3.7.8-kdd 
tnchlometbene 
uranium- total 

Sammary of Risk Qmmtibtiom (eke-mials) 
Bebrenca Recaptor: On-Property firm Resident (Child) 

Via Dermal Combctwitb Soil 
HQCalculation 

CDI I RfD I HQ 
Jmdk-day) I Imdk-day) I (unitless 
5.08E-06 6.WE-05 8.46E-0 
1.89E-07 NA 
QA NA 
7.358-07 2.858-04 
8.46E - 07 5.OOE -03 
7.678-07 NA 
7.628-07 5.OOE-05 
QA NA 
6.07E-03 4.85E-01 
1.04E-03 4.20E-03 
1.34E-06 4.50E-05 
2.35E-06 NA 
QA NA 
2.908-08 5.88E-03 
1.48E-05 1.50E-04 
QA NA 
QA NA 
gA NA 
QA NA 
QA NA 
QA NA 
QA NA 
(A NA 
QA NA 
$A NA 
QA NA 
qA NA 
QA NA 
QA NA 

QA NA 
QA NA . 

NA 
NA 
2.58E-03 
1.69E-04 

1.52E-02 

1.25E - 02 
2.47E-01 
2.97E-02 

NA 

NA 

NA 
NA 
4.928-06 
9.898-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

HQ Sumnution = 4.91E-01 

I ILCR Calculation 
I CDI I ILCR 

imc~or- 1254 
imclor-1260 
inenic 
beqllium 
kew(a)pyrene 
:admiurn 
1.2-dcHonethane 
nagnesum 
nanganese 
nerury 
aver 
!.3,7.8-tcdd 
dchlometkne 
iranium - total 

1.03E+01 
1.03E+01 
1.84E+OO 
4.30E+00 

NA 
NA 

NA 
NA 
NA 
NA 

1.01E-01 

3.00E+OS 
1.12E-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

i .66~-a 

i . i 6 ~ - a  
3.12~-a 

NA 
NA 

NA 
NA 
NA 
NA 

2.79E-1 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I ILCR Sotomation = 5.94E-0 



Table H.V2-61 
Summary of Rbk Quaotitation (&emicak) 

Befacnce  ReceFor: On-Property Farm Rcsidcnt (Child) 
Via lkinting W a t a  Ingestion 

E - 
BWXAT 

IR 
EP 
EDn 
EDC 
BW 
ATc 
ATn 
cs 

Ingestion rate of groundwater (RAGS, 1989) 
Exposure frequcncy 
Exposure duration for non-fareinoFm 
Exponrre due tion for m rcinogenr 
M y  weight 
Avengc time for mrcimgens (liktime) 
A v c n g  time fornm-mrcimgens (EDn x365) 
Couxnhation of chemicals in groundwster 

Compoud Couxnte tion Units 

antimony 
a r d o r -  l254 
a r d o r -  1260 
arsenic 
beryllium 
benm(a)pyrcne 
cidmium 
1.2-didoroetbane 
magnesium 
mangnere 
mercury 
SilWX 
2,3,1,8-tedd 
trichlaoethene 
uranium-total 

1 Uhy 
' 350 daystycar 

6 Y e r  
6 Year 

15 kg 
25550 dap 
2190 days 

I 



Table H.V.2-61 (aomCmmed) 

Vi .. 
I HQ Calculation 

I I CDI 

amclor 1254 
amclor-1260 
arsenic 
beflium 
beim(a)pyrene 
cadmium 
If-bcliometkane 
magnesium 
manganese 
merury 
silver 
2.3.7.8-tcdd 
trichlometkne 
uranium-total 

.02E-08 3.00E-04 1.34E-0. 
5.00E-03 NA 

1.00E-03 NA 

E-04 9.70E+00 4.41E-0: 
E-03 5.00E-03 8.21E-0 
E-11 3.00E-04 5.668-01 

5.00E-03 NA 

6.00E-03 NA 
7E-04 3.00E-03 1.92E-0 

NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 

HQ Sumnution = l.OlE+O( 

k m p u n d  
inlimny 
imclor-1254 
imclor- 1260 
inenic 
Beflium 
Betm(a)wene 
:admiurn 
1,2-dcLtoloetbane 
nagnesium 
nanepnese 
nerury 
iilver 
!.3,7.8-tcdd 
.ricUometkne 
rranium- total 

7.70E+00 NA 

4.30E+00 NA 
7.30E+00 NA 

9.10E-02 NA 

1.50E+05 NA 
1.1OE-02 NA 

I 

[ILCR Summation = 6.02E-0! 



0 

a 

Lisk Eguation 

IR 
EF 
EDn 
Fl 
cw 

Table H.V.2-62 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: On-Property Farm Resident (Child) 
Via Ingestion of Drinking Water 

Cw X EFX EDn X FI X IR - - 

Ingestion rate of groundwater (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Fractional intake b r  radionuclides 
Concentration of radionuclides in groundwater 

R%+Sd 3.3E-10 p a  

srm + Id 2.8E-02 pCin 
%n Pa 

%?XI P a  
Thue+lOd P a  

P a  
P a  

T% 1.7E+01 p a  

UPsL36 1.3E-01 p a  
uPg+zd 3.OE+00 p a  

1 Vday 
350 dayslyear 

6 Year 
1 (Unitless) 

(see table below) 

CDI CSP ' ILCR 
:adionuclides ( p a )  (pa)-' (unitless) 

6.9E-07 
NA 

5.9E+01 
3.5E+04 

NA 
NA 

2.8E+02 
6.3E+03 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.8E- 10 
1.4E- 12 
3.6E-11 
1.3E- 12 
1.3E-11 
1 . E -  10 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.4E- 16 

2.1E-09 
4.6E-08 

NA 

NA 
NA 

4.5E-09 
1.3E-07 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I ILCR Summation - - 1.8E-07 

-.. . . . .  . . 
.. / . . .  :' ; '  ... 

. . .  . . .  -- I , . . - ,  
... ,.. . .  



DA 
EP 
EDn 
E D C  
BW 
ATc 
ATn 
SA 

Dcrmalsbrabed dose 
Exporurc frequency 
Exposure duetion for non-carcinopns 
Exporurc duetion for carcinogens 
Body weight 
Avcragc time forercinogcnr (IiLtime) 
Awn@ time for nan-carcinogens (EDn x365) 
Skin surbccsrea suailablc for Eonact 

Table H.V2-63 
Summary of Rkk Quanlitrtion (chemic&) 

Bcfacnce Recepor: On-Properly Farm Raridcnl (Child) 
Via k m a l  Contact while Baihing 

DAXEPXEDXSA 
B W X A T  

Compoud DA Unib 

antimony NA mg/cm2-&y 
a r d o r -  US4 NA mgicm2-day 
a r d o r -  I260 NA mgtcm2-Ly 
sncnic 1.57E-12 mglcm2-Ly 
beryllium NA mglcm2-day 
benzo(a)pymx NA mdcm2-day 
cadmium NA mglcm2-day 
1.2-didorocthane NA mglcm2-Ly 
magnesium 1.678-08 mglcm2-day 
mangncrc 1.61E-07 mglcm2-day 
mercury 6.64E-16 mglcm2-day 
rrlw.1 NA mdcm2-Ly 
2.3.7.0 - tfdd NA mgjcm2-ctay 
trichlaocthcnc NA mg/cm2-&y 
ue nium- total 2.268-08 mglcm2-day 

NA mglcm2-hy 

CIV mgd-day 
340 damear  

6 Year 
6 Year 

15 kg 
ZSSY) days 
2190 days 

uooo cm2 

Compoud DA Unib 

NA mglcm2-Ly 
NA mglan2-day 
NA mglcm2-Ly 
NA mgtcm2-Ly 
NA mgicm2-Ly 
NA mglcm2-day 
NA mglan2-Ly 
NA mglan2-dy 
NA mglcm2-Ly 
NA mgicm2-Ly 
NA mglcm2-by 
NA mglcmz-day 
NA mglcm2-Ly 
NA mglm2-hy 
NA mglcm2-Ly 
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Q 
0 
-3 
&c 
437 

Compound 
antimonv 

Summary of Risk Qnamtibtiom (chemials) 
nf: <).-Property Pam Residemt (Ckild) 
:mal  Comtactwhils Bathing 

I ILCR Calculation 
I CDI I CSF I ILCR 

HQCalculation 
CDI RfD HQ 

(mdkg-day) [mdkg-day) (umtless' 
NA 6.WE-05 NA 

Reference R e e i  

me 

NA 
NA 

NA 
NA 
NA 
NA 

2.31E-09 

2.46E-05 
2.36E-04 
9.76E-13 
NA 
NA 
NA 
3.32E - OS 

amclor-1254 
amclor-1260 
arsenic 
beflium 
bem(a)pyrene 
cadmium 
1.2-dcHomet~ 
magnesium 
manganese 
mercury 
silver 
2.3.7.8-lcdd 
tricblometkne 
uranium-total 

'NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA . NA 
NA NA NA 
NA NA NA 

HQ Summation = 2.778-01 

NA 
NA 
2.85E-04 
5.OOE-03 

S.WE-05 

4.8SE-01 
4.208-03 
4.50E-OS 

NA 

NA 

NA 
NA 
5.88E-03 
1 .SOE - 04 

NA 
NA 

NA 
NA 
NA 
NA 

8.10E-OC 

5.07E-05 
5.628-02 
2.17E- 08 
NA 
NA 
NA 
2.21E-01 

Compound 
antimony NA NA 

I Imdkg-day)l (mdkg-day)-' I (uaitless 

I 
[ ILCR Summation = 3.6s~- ia  

amc~or-1254 
amclor-1260 
arsenic 
beflium 
bem(a)pyrene 
cadmium 
l.2-bcHoroethane 
magnesi um 
manganese 
mercury 
silver 

tricblometkne 
uranium-total 

2.3.7.8-ledd 

1.03E+01 
1.03E+01 
1.84E+W 
4.30E+W 
NA 
NA 

NA 
NA 
NA 
NA 

1.01E-01 

3.WE+05 
l.12E-02 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.65E-11 



IR 
PI 
EP 
EDn 
EDC 
BW 
ATc 
ATn 
cs 

Table II.V2-64 
Summary of Risk Quaditdim (chcmicak) 

Befarncc Reccpor: On-Property Fmm Rcsidrnt (Child) 
Via Ingestion of Mea Products 

- 
BWXAT 

Ingestion rate of meat 
Fnction ingested from coniaminated sou= 
expolure f r q u c n g  
Exposure duntion for non-carcinogns 
Exposure dun tion for carcinogens 
Body weight 
Average time forcarcinogens (liktime) 
Avcrag time for nm-carcinogens (EDn 1365) 
Concentration of chemicals in meat 

Compound Concentn tion Units 

antimony 4.2E-05 mgkg 
a r d o r -  l254 158-07 mdLg 
a r d o r -  W0 mgkg 
arsenic 2.9E-05 mgkg 
beryllium 6.68-07 mgkg 
knm(a)pyrcne 6.88-07 mdLg 
cadmium 9.2E-06 mgk.3 
1,2-didoroeUa ne mdLg 
magnesium 1.2E+OO mgkg 
manganese 4.2E-03 mdLg 
mercury 2.4E-03 mgk.3 

2.3.1.8 - tcdd mgkg 
trichlmocthenc 3.8E-10 m s n e  
u n  nium- total 2 . 2 8 4 6  mgkg 

mgkg 

Si lWX 1.1E-04 ’ mgkg 

0.039 kg/day 
0.15 (Unitless) 
350 d a w a r  

6 Year 
6 Year 

15 kg 
25550 dayr 
2190 day3 



Table H.V.2-64 (continued) 
Sommary of Risk Quaatitrtion (thenials) 

Beferenae Receptor: On-Property Plm Resident (Child) 
via Ingestion of Meat Ptod8et.n 

kmpound 

imclor-1254 
irodor-1260 
I r S d C  

teqilium 
benzo(a)wene 
rdmium 
l.2-bctlomethane 
nagneaum 
nanganese 
neruly 
h e r  
!.3,7.8-tedd 
richloroetkne 
imium-total 

Intimny 

HQCaculation 
CDI I RfD I HQ 

lmdk-day) I fmdk-day) I furitless' 
7.88-08 4.OE-04 1.9E-04 
1.4E-09 

5.4E-08 
1.2E-09 
1.3E-09 
1.7E-08 

2.2E-03 
7.98-06 
4.4E-06 
2.1E-07 

7.1E-13 
4.2E-09 

4A 

{A 

JA 

JA 
$A 
$A 
{A 
{A 
{A 
{A 
JA 
?A 
JA 
JA 
JA 
JA 
JA 
JA 
JA 

NA 
NA 

3.OE-04 
5.OE-03 

1 .OE -03 

9.7E+00 
1.4E-01 
3.OE-04 
5.OE-03 

6.OE-03 
3.OE-03 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

1.8E - 04 
2SE-Oi 

1.7E-05 

2.38-04 
5.6E-05 
1SE-02 
4.2E-05 

1.2E-1C 
1.4E-06 

NA 

NA ' 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

HQ Summation = 1.6E-02 

I ILCR Calculation 
I CDI I CSF I ILCR 

imclor- 1260 
IrSCniC 

teflium 
tenzo(a)wene 
idmium 
1.2-bclioroethane 
nagnesum 
nanganese 
nercury 
aver 

richloroetkne 
iranium-total 

!,3,7.8 - tcdd 

7.7E+00 
7.7E+00 
1.8E+00 
4.3E+00 
7.3E+00 

9.1E-02 
NA 

NA 
NA 
NA 
NA 

1.5E+05 
1.1E-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

9 . 3 ~ - i a  
NA 

8.1E-09 
4.6E-10 
7 .9~- ia  

NA 
NA 
NA 
NA 
NA 
NA 
NA ' 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.7E-16 

1.OE-OS IIIKR Somnution = 

I 



Risk Equation 

IR 
FI 
EF 
EDn 
Cf 

Table ItV.2-65 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: On-Property Farm Resident (Child) 
Via Ingestion of Meat Prodacts 

Cf X EF X EDn X FI X IR - - 

Ingestion rate of meat 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in meat 

1.2E-04 
NA 

4.SE-03 
1.OE+00 
2.1E-06 
1.OE-07 
1.3E-06 
5.4E-04 

0.039 kg/day 
0.75 (Unitless) 
350 dayslyear 

6 Year 

CDI CSF ILCR 
.adionuclides (pci) ( P a l - '  (unit less) 

7.4E-U3 
NA 

2.7E-01 
6.3E+01 
1.3E-04 
6.3E-06 
8.2E-C6 
3.3E-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.8E- 10 
1.4E- 12 
3.6E-11 
1.3E- 12 
1.3E-11 
1.7E- 10 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.8E- 12 

9.9E- 12 
8.1E-11 
1.7E- 15 
1.1E-U 
1.3E- U 
6.7E- l3 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

9.8E- 11 - I ILCR Summation - 



IR 
FI 
EP 
ELh 
E D C  
BW 
ATc 
ATn 
CS 

Table H.V2-66 
Summary of Rkk Quantitdion (chemic&) 

Rcfercnce Recepor: On-Ropcr(y Farm Raiidcnt (Child) 
Via Ingestion of Dairy Produds 

Ingcrtion Ote of dairy prodlrts 
Fraction ingested from cnntamimted SOUICC 
Exposure frequcney 
Exposure duration for non-carcinogns 
Exporure dura tion for ca rcincgenr 
Body weight 
A v e a e  time for srciwgcns (lilctimc) 
Average time for nm-carciDogcns (EDn 1365) 
Commte tion of chemicals in a nimal prcdlrts 

- 
B W X A T  

Cornmud C o n t n t e  tion 

antimony 
a rdor-  US4 
a r d o r -  2 6 0  
arsenic 
beryllium 
benm(a)pyrcnc 
cadmium 
1.2-dirhloroctba ne 
magnesium 
manganese 
mercury 
dwr 

trichhocthcnc 
umnium- total 

2.3.7,a-tcdd 

4.2E-03 
2.4E-04 

a . a - 0 4  
6.0E-07 
2.2E-04 
1.7E-02 

9.6E+02 
3.7E+00 
4.3E-03 
7.SE-01 

1.2E-07 
6.88-03 

0.9 W&ny 
0.75 (Unitless) 
350 daydyear 

6 Year 
6 Year 

IS kg 
2ssm day3 
2190 day3 

I 



Table H.V.2-66 (amtimad) 
Summiry of Risk Q u i m t i f a b i o m  (chehials) 

Rebremae Receptor: On-Property Fam Resideat (Child) 
Via Ingestiom of Dairy Brodmcts 

Compound 
antimony 

HQ Calculation 
CDI RID HQ 

(mdk-day) (m&-day) (uritlessl 
1.8E-04 4.OE-04 4.5E-01 

amcior-1254 
amclor-1260 
arsenic 
beyllium 
bem(n)pyrene 
cadmium 
1.2-dctlomethne 
magaesium 
manganese 
mercury 
silver 

tricblometkne 
uranium-totd 

2.3.7.8 -tcdd 

NA 
NA 

3.OE-04 
5.OE-03 

1.OE-03 
NA 

NA 
9.7E+00 
1.4E-01 
3.OE-04 
5.OE-03 

6.OE - 03 
3.OE-03 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

1.2E-01 
5.1E-06 

7.2E-01 
NA 

NA 
4.3E+00 
l.lE+W 
6.2E-01 
6.5E+00 

8.6E-07 
9.78-02 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I I I HQ Sumnution = 1.4E+01 

I I E R  Calculation 
I CDI 

imcior -1254 
imclor - 1260 
irsenic 
w.yllium 
mzo(a)pyrene 
idmium 
.,2-dcYomethne 
nagnesium 
nanganere 
nercury 
aver 

ricblometkne 
iranium - total 

!.3,7.8-t~dd 

7.7E+00 
7.7E+00 
1.8E+00 
4.3E+00 
7.3E+00 

9.1E-02 
NA 

NA 
NA 
NA 
NA 

l.SE+OS 
l.lE-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.8E-06 

5.6E-06 
9.SE-09 
5.8E-06 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.98-12 

I I ILCR Summation = 1.8E-05 



.. -63-4 9 

Lisk Equation 

IR 
FI 
EF 
EDn 
Cp 

Table EV.2-67 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: On-Property Farm Resident (Child) 
Via Ingestion of Dairy Products 

Cp X EFX EDn X FIX IR - - 

Ingestion rate of dairy products 
Fraction ingested fiomcontaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in animal products 

2.2E-01 pWkg 
NA PWkg 

2.2E+01 pWkg 
1.2E+a3 pWkg 
1.7E-03 pWkg 
8.68-05 pWkg 
4.8E-03 pWkg 
1.6E+00 pWkg 

PWkg 
P a k g  

0.9 Vday 
0.75 (Unitless) 
350 dayshear 

6 Year 

CDI CSF ILCR 
.adionuclides ( p a )  (pCi)-' (unitless) 

3.1E+02 
NA 

3.2E+04 
1.7E+06 
2.5E+00 

6.8E+00 
2.3E+03 

1.2E-01 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.8E- 10 
1.4E-12 
3.6E-11 
1.3E-12 
1.3E-11 
1.7E- 10 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.4E-07 

l.lE-06 
2.2E-06 
3.2E- 11 
2.1E- 11 
l.lE-10 
4.7E-OB 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.68-06 - [ILCR Summation - 



IR 
p1 
EP 
EDn 
EDc 
BW 
ATc 
ATn 
cs 

P 

Table KV2-68 
Summary of Risk Quanlitatioa (cbemicak) 

Refucncc Reecpor: On-Property Farm Residcnt (Child) 
Via Ingestion of Vcgdablci and Fruils 

Ingestion citc of fruits or vcgceblcs 
Pnctioningcrtcd from conemimtcd SOUIU 
Exposure frqucnq 
Eqmurc duntion for non-carcinobns 
Exposure duntion forercinogens 
Body weight 
Avemg time forercinogens (Iiktimc) 
Avemp time fornm-ercinogens (EDn x365) 
Comxntation of chemicals in vcgcbbler 

- 
BWXAT 

Compoud Cowntat ion Units 

antimony 

a r d o r -  1260 
ancnic 
beryllium 
benm(a)pFnc 
admium 
1.2-dichlorocth 
magncrium 
mangnesc 
mercury 
ri lur 

trichlmocthcnc 
unnium-total 

a r d o r -  1254 

2,3,7,0-lcdd 

7.9E-01 
3.1E-04 

2.3E-01 
6.6B-03 
2.3E-04 
3.3E-01 

4.0@+03 
2.0@+02 
1.9E-01 
7.45-01 

1.2E-03 
1.4E-01 

0.106 kghhy 
0.5 (Unitless) 
350 d a m a r  

6 Year 
6 Year 

IS kg 
2ssY) day3 

2190 day3 

Comxntration Unib Compoud 



Table H.V2-68 (continued) 
Summary of Risk QoanCiation (chemials) 

Rebrena, Receptor: On-Property Fam Resident (Child) 
Via Ingestion of Vegetables and Fnits 

Compund 
antimony 
amclor-1254 

Compound 
anliuuny 
amclor-1254 
amdor-1260 
arsenic 
beqllium 
berm(a)pyrene 
cadmium 
1,2-dctlonetbane 
magnesium 
manganese 
memry 
silver 
2.31.8-t~dd 
tricliometkne 
uranium-total 

ILCR Calculation 
CDI CSP ILCR 

(mdk-day) fmn/kg-day)-' (unitless: 
2.3E-04 NA NA 
9.1E-08 

HQ Calculation 
CDI I RfD I HO 

amclor-1260 
arsenic 
beflium 
berm(a)pyrene 

, cadmium 
1.2-dctio1oetbane 
magnea um 
manganese 
mercury 
silver 

tricliometkne 
I 2.3.7.8 - tcdd 

mn/k-day) I (mdh-day) I (uritless 
2.7E-03 4.OE-04 6.7E+O( 

I uranium-total 1E-05 

1.1E-M 
IA 
7.8E-04 
2.28-05 
7.8E-07 
l.lE-03 
IA 
1.6E+01 
6.9E-01 
6.48-04 
2.5E-03 
IA 
4.1E-06 
4.88-04 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 

NA 
NA 

3.OE-04 
5.OE-03 

1 .OE - 03 
NA 

NA 
9.7E+00 
1.4E-01 
3.OE-04 
5.OE - 03 

NA 
6.OE-03 
3.OE-03 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

'2.6E+M 
4.5E-0: 

NA 

NA 
l.lE+M 

1.7E+O( 
4.9E+O( 
2.1E+O( 
5.OE-01 

6.8E-@ 
1.6E-01 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

HQ Sumnution = 2.OE+01 

A 
6.7E-05 
1.9E-06 
6.7E-08 
9.5E-05 

1.4E+00 
5.9E-02 
5.5E-05 
2.1E-04 i 3.5E - 07 

7.7E+00 
7.7E+ 00 
1.8E+00 
4.3E+00 
7.3E+00 

9.1E-02 
NA 

NA 
NA 
NA 
NA 

1.5E+O5 
1.1E-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.OE-01 

1.2E-04 
8.38-06 
4.98-07 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.8E-09 

I 

I ILCR Summation = 1.3E-04 

I 



tisk Equation 

IR 
FI 
EF 
EDn 
cv 

Table H.V.2-69 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: On- Property Farm Resident (Child) 
Via Ingestion of Vegetables and Fruits 

CvXEFXEDnXFIXIR - - 

Ingestion rate of fnrits or vegetabks 
Fraction ingested fmrncontaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in vegetables 

5.8E+OO 
NA 

3.OE+02 
2.SE+03 
55E-01 
2.7E-02 
6.5E-01 
3.8E+01 

0.106 kg/day 
0.5 (Unities) 
350 dayslytar 

6 Year 

CDI CSP ILCR 
!adionuclides ( p a )  (pa)-'  (u ai t less) 

6.48+02 
NA 

3.3E+04 
2.8E+05 
6.1E+01 
3.OE+a) 
7.2E+01 
4.3E+03 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.8E- 10 
1.4E- 12 
3.6E- 11 
1.3E- 12 

,1.3E- 11 
1 . z -  10 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.OE-07 

1.2E-06 
3.68-07 
7.9E- 10 
5.1E-10 
1.2E-09 
8.5E-08 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1 ILCR Snmmation = 2.1E-06 



Table I-LV.2-70 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: On-Property Farm Resident (Child) 
Via External Radiation 

Dose EquivaleacyEquat: = [DRXEFXEDnX E T i X ( l - q ) ]  +[DRXEFXEDnX ET,X(l-SH,)] 

EF 
ED Exposure duration 
ETi 
ET, Fractionofdayspentoutdoors 

Fraction of year spent exposured 

Fraction of day spent indoors 

Shield factor indoors 
Shield factor outdoors 

SH; 
SH, 
DR Radionuclide specific dose concentrations 

3.84E-01 pWg 

1.19E-01 pWg 
2.50E-01 pWg 
6.45E-01 pWg 
3.17E-02 pWg 

NA P a 3  

NA P a l 3  

NA P a 3  
NA P a t 3  

2.77E+00 pWg 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.96 (unitless) 
6 Year 

0.92 (uni tless) 
0.08 (unitless) 
0.5 (unitless) 

(uni tless) 
(see table below) 

Ra?26+8d 1.2E+OO 
b 2 2 2  NA 
% O + l d  3.7E-01 

7.8E-01 
2.OE+OO 
9.9E-02 

T%9 
wxl 
h + l M  
uz35m NA 
uz38+2d 8.6E+OO 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.OE-06 
1.2E-09 

6.OE- 13 
5.4E- 11 
8.58-06 
2.4E-07 
5.1E-OB 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.28-06 
NA 

4.7E- U 
1.1E-10 
8.4E-07 

4.4E-07 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

NA . 

I 
8.4E-06 - I ILCR Summation - 

* ,  . , . . _  , ., . . .  ,. 
. ., . -  



IR 
PI 
EP 
EDn 
EDc 
Bw 
ATc 
ATn 
cs 

Table H.V2-71 
Summary of risk Quaditation (chcmicak) 

Rcfamce Rcccpor: Milk and M u t  Cmsumcs 
Via Ingestion of Mud Products 

Ingestion rate of meat 
Fection ingested ban confa mim ted soum 
Exporure frequenq 

Exporure duetion for srcincgenr 
Exporurc duetion for O O O - ~ ~ I C ~ O O ~ O I  

Body weight 
A v e n s  time for srcimgenr (lOfime) 

Conccntntion of chemicals in meat 
A v e n s  time for na-src imgens  (EDn ~ 3 6 5 )  

- 
EWXAT 

Compoud Conccntntion Units 

antimony 
ardor-  l254 
a rdor- U60 
anenic 
beryllium 

admium 
1.2- didoroc th 
magnesium 
mangnere 
merculy 
silwr 
2.3.7.8-ccdd 
trichlaoethene 
u e  nium - tdal 

benm(a)pyrcne 

ne 

4.2E-05 
75E-07 

2.9E-05 
6.6E-07 
6.88-07 
9.2E-06 

1.2Ei.00 
4.2E-03 
2.4E-03 
1.1E-04 

3.8E-10 
2 . 2 8 4 6  

0.1 kg/&iy 
0.75 (Uniden) 
350 dayr'yeor 
70 Ycar 
70 Ycar 
70 kg 

25540 dap 
25540 days 

. .  
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Table H.V.2-71 (C08t i8Ued)  . 
summary of Risk Qua8titrthn (chemicals) 

Rebrena, Receptor: Mik amd Meat Coasumetr 
Vu Ingestion of Meat Pmdmcb 

3.OE-08 3.OE-04 9.8E-OS 
6.8E-10 S.OE-03 1.4E-07 
7.OE-10 NA NA 

4E-09 1.OE-03 9.48-06 
1,2-dcHometbane 

2E-03 9.7E+00 1.3E-04 
3E-06 1.4E-01 3.1E-05 
4E-06 3.OE-04 8.1E-03 
2E-07 S.OE-03 2.3E-OS 

tricbloroetkne 9E-13 6.OE-03 6.5E-11 
uranium-total 3E-09 3.OE-03 7.78-07 

ILCR Calculation 
CDI CSF ILCR 

Compound f m d k  -day) f m d k  -day)-' (umdess' 
antimony 4.38-08 NA NA 
amclor-1254 
amclor- 1260 
arsenic 
beqlliurn 
benm(a)pyrcne 
cadmium 
1.2-dctlometbane 
magnerium 
manganese 
merury 
silver 

trichlometkne 
2.3.7.8-t~dd 

7.7E-10 

3.OE-08 
6.8E-10 
7.OE- 10 
9.4E-09 

NA 

NA 
1.2E -03 
4.3E-06 
2.4E-06 
1.2E - 07 

3.98-13 
NA 

7.7E+00 
7.7E+00 
1.8E+00 
4.3E+00 
7.3E+00 

9.1E - 02 
NA 

NA 
NA 
NA 
NA 

l.SE+OS 
l.lE-02 

I uranium-total 3E-09 NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.9E-OS 

5.2E-08 
2.9E-OS 
S.1E-OF 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.3E-13 

I I U l R  Summation = 6.6E-08 
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isk Equation 

IR 
FI 
EF 
EDn 
Cf 

Table JXV.2-72 
Summary of Risk Quantitation (radionuclides) 
Reference Receptor: Milk and Meat Consumer 

Via Ingestion of Meat Products 

CfX EF X EDn X FI X IR - - 

Ingestion rate of meat 
Fraction ingested fmmcontaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in meat 

1.2E-04 
NA 

4.5E-03 
l.OE+OO 
2.1E-06 
1.OE-07 
13E-06 
5.4E-04 

0.1 kg/day 
0.75 (Unitless) 
350 dayslyear 
70 Year 

CDI csq ILCR 
Radionuclides (pa ]  (pa)- (unitless) 

2.2E-01 
NA 

8.2E+00 
1.9E+03 
3.9E-03 
1.9E-04 
2.4E-03 
l.OE+OO 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.8E- 10 
1.4E- 12 
3.6E-11 
1.3E- 12 
1.3E- 11 
1.7E- 10 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.7E- 10 

3.OE- 10 
2.4E-09 
5.OE- 14 
3.2E- 14 
3.9E- 14 
2.OE- 11 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I I ILCR Summation - - 2.9E-09 



IR 
Fl 
EF 
EDn 
EDC 
BW 
ATc 
ATn 
cs 

Table fI.V2-73 
Summary of risk Quantitaion (chemic&) 

R e f a a c e  Receflor: Milk and Meat Caasuma 
Via Ingestion of Dairy Products 

Ingestion rate of dairy prodwts 
Fraction ingested from Contamimted soume 
Erpmure frqueng 
expOrure duration for non-carcinopna 
Exporurc dura tion for s rcincgcnr 
Body wight  
A v e n p  time for srcinogcnr (likfimc) 
Avengc h e  for nm-srcinogens (EDn x36S) 
Concentration of chcmicals inanimal produsts 

- 
BWXAT 

C o m p o u d  Concentration Units 

antimony 
ardor-  US4 
a r d o r -  WO 
arsenic 
beryllium 
bcnm(a)pyienc 
cadmium 
1.2-didorocU~ 
magnesium 
manggncsc 
mercury 
S i l K r  

2.3.7.8 - tcdd 
trichloocthcnc 
uenium-total 

ne 

4.2E-03 
2.4E-04 

8.6E-04 
6.OE-07 
2.2E-04 
1.7E-02 

9.6E+02 
3.7E+00 
4.3E-03 
7.SE-01 

1.2E-07 
6.8E-03 

0.4 W h y  
0.75 (Uniderr) 
3m daydycar 
70 Year 
70 Year 
70 kg 

2ssm dayr 
ZSSY) dayr 



Table H.V.2-73 (a~~t i~rned)  
Summary of Risk Qoamtihtion (denials) 

Rebremce Receptor: Milk and Meat Cornsonmi 
Via Ingestion of Dairy Products 

I HQCalculation 
I CDI I RfD I HQ 

&ompound I (mdkg-day) I (mplkg-day) I [uridess' 
1nbmony I 1.7E-05 4.OE-04 4.3E-01 
imclor - 1254 I 9.78-07 
imdor-1260 
1rsenic 
BeqUium 
, e n m ( a ) ~ e n e  
rdmium 
1,2-1CcUoroethne 
n a g d u r n  
nanpnese 
nercury 
dver 
!.3,7.8-lcdd 
ricblometkne 
iranium-total 

NA 
NA 

3.OE-04 
5.OE-03 

1 .OE -03 

9.7E+W 
1.4E-01 
3.OE-04 
5.OE-03 

6.OE-03 
3.OE-03 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

1.2E-01 
4.9E-07 

6.9E-02 

4.1E-01 
l.lE-01 
5.9E -0; 
6.2E-01 

8.2E-08 
9.3E-02 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 

I HQ Sumnution = 1.3E+O( 

bmpound 

,roclor- 1254 
~mclor-1260 
In&C 
IeqUium 
iem(a)pyrene 
admium 
..2-dcHomethne 
nagncaum 
nanpnese 
nerury 
aver 
!.3,7.8 - d d  
ricblometkne 
iranium - told 

intimony 

ILCR Calculation 
CDI I ILCR 

9.7E-07 
IA 
3.5E-06 
2.4E-09 
8.88-07 
6.9E - 05 
IA 
3.9E+W 
1.SE-02 
1 .BE -05 
3.1E-03 
IA 
4.9E-10 
2.8E - OS 
IA 
IA 
IA 
IA 
IA 
IA 
[A 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 

7.7E+00 
7.7E+00 
1.8E+00 
4.3E+00 
7.3E+00 

9.1E-02 
NA 

NA 
NA 
NA 
NA 

1.5E+05 
1.1E-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.5E-Ot 

6.2E-Ot 
1.1E-O( 
6.SE-Ot 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.4E-1; 

ILCR Summation = 2.OE - O! 
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isk Equation 

IR 
FI 
EF 
EDn 
CP 

Table I1LV.Z-74 
Summary of Risk Quantitation (radionuclides) 
Reference Receptor: Milk and Meat Consumer 

Via Ingestion of Dairy Products 

= Cp X EFX EDn X FIX IR 

Ingestion rate of dairy produce 
Fraction ingested fmmcontaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in animal products 

2.2E-01 
NA 

2.2E+01 
1.2E+03 
1.7E-03 
8.6E-05 
4.8E-03 
1.6E+00 

0.4 Vday 
0.75 (Unitless) 
350 daystyear 
70 Year 

CDI CSF ILCR 
Radionuclides ( p a )  (pa)-' (unitless) 

R%16+8d 1.6E+03 7.8E- 10 1.2E-06 

%3+ld 1.6E+05 3.6E- 11 5.98-06 
*% 8.8E+06 1.3E- 12 1.lE-05 

1.3E+01 1.3E-11 1.7E- 10 
&+lOd 6.3E-01 1.7E- 10 1.1E-10 
urn, 3.5E+01 1.6E- 11 5.6E- 10 
ups+, 1.2E+04 2.OE- 11 2.4E-07 

h222 NA 1.4E- 12 NA 

NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 

1.9E-05 - I ILCR Summation - 



Table Ii.V2-75 
Summary of Risk Quanlitation (d~cmicab) 

Rcfacncc Reccplor: Commcrcial/lndustrul Usu 
Via Inhalation of Puticuhtes 

P - 
BWXAT 

IR 
EF 
EDn 
EDc 
BW 
ATE 
ATn 
cs 

lnhakation rate d e s c s  (RAGS, 1989) 
exporurc frequency 
Enporurc dura tion for non-carcinopni 
Exposure dum tion for carcinogens 

Avcragc time for carcinogens (liktimc) 
Avcragc time for nm-carcinogens (EDn 1365) 
Conccntn tion of chemicals in soil 

Body weight 

Compound CoDccntn tion Units 

antimony 
a d o r -  US4 
arodor-U6O 
arsenic 
beryllium 
benm(a)pynne 
cadmium 
1.2 - dicbloroctha 
magnesium 
manganese 
mercury 
iilvtr 
2,3,7,8-lcdd 
trichlarocthenc 
uranium- tdal 

i ne 

2.0E-09 
1.6E-11 

3.2E-09 
3%-10 
1.m-11 
3.OE-10 

1.8E-06 
4.5E-07 
1.m-10 
1.1E-09 

4.4E-13 
1.1E-08 

20 m31day 
250 dayVycar 
25 Year 
25 Y a r  
70 kg 

z5550 dap 
9 U 5  dap 

(see table below) 
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Table lXV.2-75 (oontinmed) 
Summary of Risk QPmtihtion (chenials) 

Rebrenoe Receptor: Comwrad/hdmstdd User 
Via Imbhtion of Partialabs' 

I HQ Calculation 
I I CDI I RfD I HO 
Compound 
antimony 1 4.OE-10 NA NA 

1 (mdkg-day) I Imdlm-day) I (umdess 

amdor-129 
amclor-1260 
arsenic 
beflium 
bem(a)pyrene 
cadmium 
1.2-dcHomettene 
mag& um 
manganese 
mercury 
silver 
2.3,7,8 -tcdd 
trichlometkne , 

uranium -total 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.98-03 

1.4E-OS 
8.6E-OS 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.1E-0: 
3.4E-0 

NA 
NA - 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I I I Hazard Qootient Som = 6.1E-OI 

Compound 
antimony 
amclor-1254 
amclor-1260 
arsenic 
beflium 
bem(a)pyrene 
cadmium 
1.2-dcHomethane 
magnesium 
manganese 
mercury 
silver 
2,3,7,8 - tcdd 
trichlometkne 
uranium- total 

ILCR Calculation 
CDI I ILCR 

1.4E-10 
1.1E-12 

2.2E-10 
2.4E-11 
7.8E- 13 
2.1E-11 

1.3E-07 
3.1E-08 
1.OE-11 
7.9E-11 

3.1E-14 
7.5E-10 

?A 

?A 

iA 

iA 
iA 
iA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 

NA 
NA 
NA 

l.SE+Ol 
8.4E+00 
6.1E+00 
63E+00 
9.1E-02 

NA 
NA 

NA 
NA , 

l.SE+OS 
6.OE - 03 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

3.3E-0! 
2.OE- 1( 
4.7E-1; 
1.3E-1( 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.9E-16 

[LCR Somnution = 3.7E-09 
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IR 
EF 
EDn 
ca 

Table H.V.2-76 
Summary of Risk Quantitation (radionuclides) 

Via Inhalation of Gases and Particulates 
Reference Receptor: ~mmercial/Industnd User . 

CaX EFXEDn XIR - - 

Inhalation rate of gases (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in air 

R%+8d 1.4E-07 p W d  

Sr93+ld 4.8E-OB p W d  
1.4E-M pWn? 
4.2E-07 p W d  
4.OE-09 p W d  

%8+2d 3.OE-0 p a n ?  

hzn 1.8E+00 p W d  

Tc39 
nL, 
%+1Od 
bSm PWd 

Pad 
Pad 

20 m’lday 

23 Year 
days&= 

(see table below) 

ladionuclides (unitless) 

1.8E-02 

6.OE-a3 
1.7E-02 
5.3E-02 
5.OE-04 

3.7E-01 

2.3E+05 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.OE-09 
7.3E- 13 
6.2E- 11 
8.3E- 12 
2.9E-OB 
ME-07 
2.5E-OB 
2.4E-OB 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.2E- 10 
1.7E-07 
3.7E- 13 
1.4E- 13 
1.5E-09 
5.5E- 11 

8.9E-09 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.8E-07 - I ILCR Summation - 



IRs 
C P  
EF 
EDn 
E D C  
BW 
ATc 
ATn 
cs 

Table H.V2-77 
Summary of Risk Quantitation (chemicak) 

Rcfamce  Receptor: Commacial/Industrial mser 
Via Incidental Ingestion of Soil 

XCF 
BWXAT 

Ingestion mtc of soil (RAGS, 1989) 
Conversion factor 
Exposure frqucncy 
Exposure duration for non-carcinognr 
Exporure dum tion for ca rcinogens 
Body weight 
Averap time forcarcinogens (liktimc) 
Averap time for ncm-circioogens (EDn x365) 
Coocentra tion of chemicals in roil 

Compoud Coocentration Units 

antimony 
a r d o r -  l254 
ardor-l26O 
arscnic 
beryllium 
benzo(a)pyrcne 
cadmium 
1,2-diddoroetts ne 
magnesium 
manganese 
mercury 
rilwr 
2,3,7.8 - tcdd 
trichlaocthcnc 
uranium-total 

4.OEUl0 
2.5E-02 

5.8E+00 
6.6E-01 
2.OE-02 
6.0E-01 

4.8Ei.03 
8.1E+02 
2.1E-01 
1.8E+00 

1 . 6 8 4 4  
1.2E+01 

100 mg/day 
1.0E-06 kg/mg 

240 day&$car 
25 Year 
25 Y a r  
70 kg 

25540 days 

(scc table below) 
9125 days 



Table H.V.2-77 (continued) 
Summary of Risk Qman&atios (ehckieals) 

Reference Rec  
Via IC 

itor: Commen 
idental Ingcsti 

aVTndustrial User 
n of Soil 

I ILCR Calculation 
I CDI I ILCR 

uocla - I260 
usenic 
myllium 
iemo(a)pyrene 
:admiurn 
12-dichluoet hane 
nagnsium 
nanganae 
nercuty 
itva 

richluoethene 
iranium -total 

!.3,7.8-t~dd 

.6E-09 

.OE-06 

.3E-07 
OE-09 
1E-07 

7E-03 
.8E-04 
3E-08 
4E-07 

6E-10 
1E-06 

7.7E+00 
7.7E+00 
1.8E+00 
4.3E+00 
7.3E+00 
NA 

NA 
NA 
NA 
NA 

9.1E-02 

l .E+05 
1.1E-U2 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.6E-08 

3.E-06 
9.9E - 07 
5.1E-08 

NA 

NA 

NA 
2.9E- 12 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 1-1 
I ILCR Summation = 4.6E-06 

.- . 

:r 

. .  - .  



6349 
Table H.V.2-78 

Summary of Risk Quantitation (radionuclides) 
Reference Receptor: ComrnerciaUIndustrial User 

Via Incidental Ingestion of  Soil 

Risk Equation 

IRS 
EF 
EI)n 
FI 
cs 

CSXEFXEDn XFI XIR - - 

Ingestion rate ofsoil (RAGS, 1989) 
Eqosure kequency 
Eiposure Duration 
Fractional Intake 
Concentration of radionuclides in soil 

3.84E-04 pCi/mg 
pCimg 

1.19E-04 pCimg 
25OE-04 pCimg 
6.493-04 p C i g  
3.17E-05 pcihng 

Pcihng 2 m - m  pcihng 
pCi/mg 
pCihng 

100 mglday 
250 dayslyear 
25 Year 

1 (unitless) 

pCi/mg 
P C i g  
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCimg 
pCi/mg 
pCi/mg 

CDI CSF ILCR 
Ladionuclides (pCi) (pCi)-l (unitless) 

2.40E+02 

7.44E+01 
1.56E+02 
4.03E+02 
1.98E+O1 

1.73E+03 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.80E- 10 
1.4OE- 12 
3.6OE-11 
1.3OE- 12 
1.3OE- 11 
1.70E- 10 
1.6OE-11 
2.00E-11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.87E-07 

2.68E-09 
203E- 10 
5.24E - 09 
3.37E-09 

3.46E-08 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

233E-07 - I ILCR Summation - 



SA 
AP 
ABS 
CP 
EF 
ED0 
EDc 
BW 
ATc 
ATn 
cs 

Table II.V2-79 
Summary of Risk Quantitdioo (chemic&) 

Rcfcrence Receptor: CommaciallIndustri.1 &a 
Via Dermal Contad waith Soil 

XCP 
BWXAT 

Surhcc area of exposed skin (SOth psrccntilc. hank only) 
Soil to rkinadhcrena. bctor (RAGS, 1989) 
chcmbla spccificabsortdion factor (ace table below) 
Conversion factor 
Exposure frequcnq 
Exposure duration for non-carc inog~ 
Exposure dum tion for carcinogens 
Body weight 
Averap time for carcinogens (libtime) 
Averap time for om-carcinogens (EDn x36S) 
Conccntn tion of chemicals in soil 

Compoud ABS Conccntrdti Units 

antimony 
a r d o r -  US4 
a r d o r -  I260 
arsenic 
beryllium 
benm(a)pymnc 
cadmium 
1.2 -didoroctha ne 
magnesium 
manganese 
mercury 
SilUX 
2,3,1,8-tcdd 
trichlaosthcnc 
umnium-total 

1.00E-02 
6.WE-02 
6.00E-02 
1.00E-03 
1.00E-02 
3.00E-01 
1.00E-02 
3.00E-01 
1.00E -02 
1.00E -02 
5.00E-02 
1.00E-02 
3.00E-02 
3 .ME -01 
1.00E-02 

NA 

3.97E+w 
2.46E-02 

5.7SE+OO 
6.62E-01 
2.00E-02 
S.%E-Ol 

4.7SE+03 
8.12E+02 
2.09E-01 
1.84E+W 

7.SSE-04 
1.16E+01 

l 9% cm4da 
1 mglcm 

1E-06 kglmg 
CSV 

250 diydycar 
2s Y e 1  
2 s  Year 
70 kg 

25550 dayr 
9 u s  dayr 

.. 



e 
Table H.V.2-79 (continued) 

Summary of Risk Qoantitrtion (chenials) 
Reference Receptor: CommeraaVIndmstrial User 

Vi 
HQ Calculation 

CDI RfD HQ 
Compound (mdk-day) (mdk-day) (unitless' 
antimony 2.23E-06 6.lWE-OS 3.72E-02 
amclor-1254 
amclor- 1260 
arsenic 
beflium 
benzo(a)pyreat 
cadmium 
1.2-deHoloethane 
m a g d  um 
manganese 
mercury 
silver 
2.3.7.8-tcdd 
trichlometkne 
uranium- to tal 

NA 
NA 
2.85E-04 
5.OOE-03 

5.lWE - 05 

4.8SE-01 
4.20E-03 
4.50E-OS 

NA 

NA 

NA 
NA 
5.88E-03 
1.50E-04 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
1.14E-03 
7.458-05 

6.71E-02 

5.51E-03 
1.09E-01 
1.31E-01 

NA 

NA 

NA 
NA 
2.17E-Ot 
4.35E-02 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I I I HQ Snmmrlion = 2.16E-01 

Dermal Contactwirh Soil 
ILCR Calculation 

CDI CSF IJXR 
(mpllrg-day) (mplk-day)-' (unitless Compound 

antimnv 7.98E-07 NA 
amclor- 1254 
amclor-1260 
arsenic 
beqilium 
benm(a)plrene 
cadmium 
l,2-dcHomethane 
magnesium 
manganese 
mercury 
silver 

lrichlometbene 
uranium-total 

2.3.7.8- tcdd 

7E-08 1.03E+01 3.04E-0 
1.03E+01 NA 

1.33E-07 4.30E+lW 5.72E-03 

1.01E-01 NA 
4E-04 NA 
3E-04 NA 
OE-07 NA 
OE-07 NA 

SE-09 1.12E-02 5.llE-11 
3E-06 NA 

3.00E+05 NA 



Table H.V.2-80 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: Commercial/Industrial User 
Via External Radiation 

lose EquivalencyEquat: = [DRXEFXEDnX miX(l-sH;)] +[DRXEFXEDnX EoX(l-SHo)] 

EF 
ED Exposure duration 

Fraction of year spent exposured 

Fraction of day spent indoors 
Fractionofdayspent outdoors 
Shield factor indoors 
Shield factor outdoors 

mi 
m0 
SH; 
SH, 
DR Radionuclide specific dose concentrations 

R%26+Rd 3.84E-01 p W g  

SrEO+ld 1.19E-01 p W g  
T% 2.50E-01 p W g  

6.45E-01 p W g  
3.17E-02 p W g  

Rn2.n NA Pwg 

%?30 
%+lOd 
"25.5, NA P W g  

NA P W g  
NA PW!3 

Uas+M 2.77E+OO p W g  

NA Pc% 
NA PWi3 
NA P W  
NA P W g  
NA Pcilg 
NA Pal3 
NA P a 3  
NA Pal3 
NA P W  
NA PaJB 

0.68 (unitless) 
25 Year 
0.8 (unitless) 
0.2 (unitless) 
0.5 (unitless) 

(uni tless) 
(see table below) 

CDI CSF ILCR 
adionuclides (year pCi/g) (g/pCi-year)-' (unitless) 

3.9E+00 

1.2E+00 
2.6E+00 
6.6E+00 
3.2E-01 

2.8E+01 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.OE-06 
1.2E-09 

6.OE- l3 
5.4E- 11 
8.5E-06 
2.4E-07 
5.1E-OB 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.4E-05 
NA 

1.5E- 12 
3.6E- 10 
2.7E-06 

1.4E-M 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.8E-05 - I ILCR Summation - 



1R 
ET 
EP 
ED 
BWP 
AT 
A% 
CS 

BWXAT 

InIdation rate d .pes 

Exposure frequency 
Exposure due  tion 
Body weight (adult) 
Averag time for carcinogens 
A v e n g  time for ncn-carcinogens (adult) 
CoDccntration ofchcmiuh in prticuhtcas modeled 

Exporurc time 

Table H.V2-81 
Summary of Intake Quantitatioo (chcmicak) 

Rcfaence  Reeeplor: Developed Park Uscr 
Via Inhalation of Particuka 

shiu 

0.83 
4 
64 
6 

1s 
25550 
2 190 

U V  

Compoual CoDccnha tion Clniu 

antimony 
a rodor- US4 
a rodor- U60 
arsenic 
beryllium 
benm(a)pyrcnc 
cadmium 
1.2-diddoroeth 
magnesium 
mangncrc 
mercury 
silwr 
2.3.7.8 - tcdd 
trichlaoethcnc 
u e  nium - total 

ne 

2.0E-09 
1.6E-11 

3.2E-09 
3.SE-10 
1.lE-11 
3.OE-10 

1.8E-06 
4.SE-07 
1.SE-10 
l.lE-09 

4.4E-13 
l.lE-08 

mum3 
mum3 
mum3 
mg/m3 
mum3 
mum3 
mdm3 
mum3 
mum3 
mum3 
mg/m3 
mum3 
mum3 
mum3 
mum3 
mum3 

XwIh 

0.83 
4 

104 
u 
43 

25550 
4380 

U V  

d!& 

0.83 
4 

40 
38 
70 

2SSB 
l3870 

U V  

senoir 
a!Mt 

0.83 I I I ~ I ~ O U  

2 hour/day 
40 dayslyear 
I4 y e n  
70 kg 

2SSB days 
SllO days 

QV 

Compoual Couxnha tion Units 

mum3 
mum3 
mum3 
mum3 
mum3 
mum3 
mdm3 
mum3 
mum3 
mum3 
mum3 
mum3 
mum3 
mum3 
mum3 . ‘ f  



Table H.V3-81 (aoatis~ed) 
Summary of Risk Quaatimtioa (chemiab) 
Reference Receptor: Devebped Park User 

Via Inhalatiom of Part ia las s  

HQCalculation 
CDI RID HQ 

b r n p u n d  (mlJkg-day) (rnrJkg-day) (widess 
intirwny 2.1E-11 NA NA 
iroclor - 1254 
iroclor- 1260 

tefliurn 
)enzo(a)pjrene 
rdmium 
L.2-dcHoroethne 
nagnesium 
nangnese 
nercury 
aver 
!.3,7,8-tCdd 
richlometkne 
rranium-totd 

IK&C 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.9E-03 

1.4E-05 
8.6E-05 

NA 
NA 
NA 
NA 
.NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
3.3E-0 
1.8E-0, 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 

I HQ Summation = 3.3E-0, 

hrnpund 
ntirwny 
roclor-1254 
,mcIor-1260 
# r S d C  
1er)Iliurn 
ienm(a)pyrene 
admiurn. 
.2-dcHomethne 
oagnesum 
oangnese 
oerury 
il ver 
1.3.7.8-lcdd 
richlometkne 
Lraniurn-told 

ILCR Calculation 
CDI CSF ILCR 

IrnlJkg-day) (mlJk-day)-' (uudess' 
2.1E-11 NA NA 
1.6E-13 

3.3E-11 
3.68-12 
1.2E-13 
3.2E-12 

1.9E-08 
4.78-09 
1.SE-12 
1.2E-11 

4.6E-15 
l.lE-10 

JA 

4A 

JA 

JA 
JA 
JA 
4A 
JA 
4A 
JA 
JA 
4A 
4A 
4A 
JA 
4A 
JA 
4A 
4A 

NA 
NA 

l.SE+Ol 
8.4E+00 
6.1E+00 
6.3E+00 
9.lE-02 

NA 
NA 
NA 
NA 

1.5E+05 
6.OE-03 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

4.9E-1C 
3.OE-11 
7.1E-13 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.E- l i  

ILCR Summation = SSE-IC 



Table H.V.2-82 

ntake Equation 

Summary of Intake and Risk Quaatitation (radionuclides) 
Reference Receptor: Developed Park User 

Via Inhalation of Gases and Particulates 

= C A X E F X E D X I R X E T  

IR Inhalation rate of gases 
ED Ekposure duration 
rn . Bposure time 
EF & p u r e  frequency 
CA Conczntration of radionuclides in air 

1.4E-07 pCim3 
lAE+00 pCim3 
~ ~ - 0 8  pCim3 
1.4E-07 pCim3 
4.2E-07 pCim3 
4DE-09 pCim3 

pCim3 
31)E-06 pCim3 

pCim3 
pCim3 

083 
6 
4 

64 
csv 

y o u t h *  

083 083 
12 38 
4 4 

104 40 
CSV csv 

pci/m3 
pcim3 
pcim3 
pcim3 
pcim3 
pCim3 
pCim3 
pcim' 
pCim3 
pcim3 

senoir 
adult - 
083 m3/hour 

14 years 
2 houdday 

40 dayshar 
csv 

CDI CSF ILCR 
!adionuclides (pCi) (pCi)-' (unitless) 

1.6E-03 

55E-04 
16E-03 

46E-05 

2.1E+04 

488-03 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.4E-02 

7.OE-09 
73E- 13 
6.2E-11 
83E- 12 
29E-08 
L.lE-07 
25E-08 
2.48-08 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

LlE-11 
15E-08 
3.4E- 14 
13E-14 
1.4E-10 
5.OE- 12 

8.1E-10 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

16E-08 - I ILCR Summation - 

. .  
, .  . . .  

> ; .. . . .  ._. .:. 



Table Ii.V.2-83 
Summary of Intake Quantitation (chemic&) 

Reference Receptar: Developed P u t  User 
Via IEidentd Ingestion of SoiYSediment 

Inhh Earntion 

IR 
EF 
ED 
C F  
AT 
AT 
BW 
cs 

= CSXEPXEDXCFXIR 
BWXAT 

Ingstion rate d soil 

Expo- duration 
Conlersion factor 
A w n s  I h  forcarchops 
A w n g  tk fornon-carcimgns 
Ekdy weight 
Conozntration ofchemicals in soil 

Expo- hq-7 

Comwund concentration Units 

4.oE+Oo 
25E-a2 

5.8E+Oo 
6.6E-01 
2oE-a2 
6.oE-01 

4.8E+m 
8.lE+a2 
21E-01 
t . ~ ~ + m  

7.68-04 
1.2E+o1 

child 

50 
64 
6 

lE -06 
25550 
2190 

15 

- 

C N  

& 

25 
lo4 
12 

lE-06 
25550 
4380 

43 
csv 

adult 

25 
40 
38 

E-06 
25550 
m70 

70 
csv 

. .. 



Table H.V.2-83 (continued) 
Summary of Risk Qmamtitatioa (chemicals) 
Reference Receptor: Developed Park User 
Via Incidental Ingestion of SoiVSediment 

Compound 
tudimony 

HQ Calcula im 
CDI RfD HQ 

(mgkg-day) (mgkg-day) (unit less) 
4.1E-07 4.OE-04 1.OE-03 

I 
I HQ Summaion = 4.3E-03 

Compound 
antimony 

NA 
NA 

2.OE-03 
1.4E-05 

NA 

NA 
622-05 

5.1E-05 
6.OE-04 
7.28-05 
3.8E-05 

NA 
1.3E-08 
4.OE-04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

ILCR Calculation 
CDI CSF ILCR 

(mgh g -day) (mgkg - day) - ' 
4.1E-07 NA NA 

(unit la 1 
NA 
NA 

3.OE-04 
5.OE-03 

1 .OE - 03 

9.7E+00 
1.4E-01 
3.m-04 
5.m-03 

NA 

NA, 

NA 
6.0E - 03 
3.0E - 03 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

ualu 1254 

menic 
~ayllium 
iemo(a)pyrene 
xdmium 
l2-dichlmxi hane 
nagnsium 
nanganse 
nacury 
ihra 

richluoethene 
iranium -t otal 

UOCIO~ - 1260 

!.3,7.8-tcdd 

7.7E+00 
7.7E+00 
1.8E+00 
4.3E+00 
7.3E+00 

NA 

NA 
NA 
NA 
NA 

9.1E-02 

l.SE+OS 
1.1E-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.OE-06 

1.OE-06 
3.0E - 05 
1.X-08 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

8.68-13 

I 

I ILCR Summation = 1.4E-06 



Make  Equation 

IR 
EF 
ED 
FI 
CS 

. Table H.V.2-84 
Summary of  Intake and Risk Quantitation (radionuclides) 

Reference Receptor: Developed Park User 
Via Incidental Ingestion of Soil/Sediment 

= CSXEFXEDXFIXIR 

Ingestion rate of soil 
Exposure frequency 
Exposure duration 
Fractional Intake 
Concentration of chemicals in soil 

3.8E-04 pCimg 
pCimg 

1.2E-04 pCi/mg 
2.5E-04 pCimg 
6.5E-04 pCimg 
3.2E-05 pCimg 

pCimg 
2.88-03 pCimg 

pCimg 
pCimg 

senoir 
- - a d u l t *  

50 25 25 13 mg/day 
64 104 40 40 days/year 
6 12 38 14 year 
1 1 1 1 (unitless) 

CSV csv csv csv 

pCimg 
pCimg 
pCimg 
pCimg 
pCimg 
pCimg 
pCi1mg 
pCimg 
pCi1mg 
pCilmg 

CDI CSP ILCR 
ladionudides (pCi) (pci1-l  (unitless) 

1 
3.7E-05 

1.1E-05 
2.4E-05 
6.2E-05 
3.OE-06 

2.7E-04 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.8E-10 . 
1.4E- 12 
3.6E-11 
1.3E- 12 
1.3E-11 
1.7E- 10 
1.6E-11 
2.OE-11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.9E- 14 

4.1E-16 
3.1E-17 
8.OE- 16 
5.2E- 16 

5.3E- 15 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.6E- 14 - I ILCR Summation - 1 



h h k  Em ation 

SA 
AF 
EF 
ED 
CF 
BW 
AT 
AT 

CS 
- ABS 

Table KV3-85 
Swumary of Intake Qnratitrtiom (chemicals) 

Rederence Receptor: Dewloped Park User 
Via Dermal Contactwith SoiVSsdiment 

= CS X EF X E D  X CF X ABS X AF X SA 
BW X A T  

Swfaceareaofeqosd skin 
Absorblion facbr 

e r e d u r a i o n  
Cbnwaon fador 

Average time br carcinogens 
Average time br non-carbogens 
Absorbtion facbr 
Cbncmtraion ofchanicdsin soil 

-re frequency 

Bodywei$lt 

- cfiild 

2000 

64 
6 

E- 06 
15 

25550 
2190 

csv 

csv 
CSV 

a ~ d d  QmcmtraConr 

Cbmwund ABS Cbncmtraion Units 

mtimony 
arodor-1254 
arodor-1260 
arsenic 

bmm(a)pyrme 
C a d m i U m  
12-dichloroehme 
m a p d u m  
mmganese 
m-ry 
silver 
2,3,7$-toId 
tlichloroe!hene 
Ur;miUm-tOtd 

buldliw 

Rdermcea 

1.E-02 
6.E-02 
6.E-02 
1.E-03 
1.E-02 
3.E-01 
l .E-02 
3.E-01 
1.E-02 
1.E-02 
5.E-02 
l .E -02  
3.E-02 
3.E-01 
1.E-02 

NA 

4.lE+OO 
2 2 - 0 2  

5.8E+OO 
6.E-01 
2.E-02 
6.E-01 

4.8E+03 
8.E+02 
2.E-01 
l.E+OO 

7.E-04 
1.2E+Ol 

i?!& 

4138 

104 
12 

1.000E-06 
43 

25550 
4380 

csv 
csv 

csv 

adul t 

5750 

40 
38 

E - 0 6  
70 

25550 
12870 

- 

C N  

csv 
CSV 

smoir 
- adult 

5750 an2/day 
csv (unidess) 
40daydyear 
14 year 

lE-06 Irg/mg 

25550 day 
5110 day 

70 Lg 

csv (unidess) 
csv 

I 



Table H.V.2-85 (amtinned) 
Snmmary of Risk &antitation (demials )  
Reference Receptor: Devebped Park User 

Via Dermal Contactwith SoillSadimemt 

I HQ Calculation 
I CDI I RfD I HO 

hmpound I (mglkg-day) I (mglkg-day) I (untless) 
ntirmny 1 5.3E-07 6.OE-OS 8.98-03 

.melor- 1260 
trS&C 
i e g i u m  
lenm(a)meDe 
admium 
.Z-dcElometbane 
oagnesium 
nangnese 
aercury 
aver 
1.3.7.8 - tedd 
richlometkne 
iranium-total 

NA 
NA 

2.98-04 
S.OE-03 

S.OE-OS 

4.9E-01 
4.28-03 
4SE-OS 

NA 

NA 

NA 
NA 

S.9E-03 
1.SE-04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

2.7E-04 
1.8E-OS 

1.6E-03 
NA 

NA 
1.3E-03 
2.68-02 
3.1E-03 

NA 
NA 

5.2E-07 
1.OE-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA . 

I HQ Summation = S.1E-02 

h n p o u n d  

imclor-1254 
imclor-1260 
IrSeaIiC 
w$lium 
,enm(a)wene 
:admiurn 
1.2-dcElomethane 
nagacsum 
nanganese 
nercury 
dver 
1.3.7.8 - tedd 
:ricHomelbene 
iranium- total 

1nCmony 

ILCRCalculation 
CDI I ILCR 

2.OE-08 

7.7E-08 
8.9E-08 
8.OE-08 
8.OE-08 

6.48-04 
l.lE-04 
1.4E-07 
2.SE-07 

3.OE-09 
1.6E-06 

JA 

JA 

JA 

JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 

1 .OE+ 01 
l.OE+Ol 
1.8E+W 
4.3E+W 

NA 
NA 

NA 
NA 
NA 
NA 

1 .OE - 01 

3.OE+OS 
1.1E-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.OE-07 

1.4E-07 
3.8E - 07 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.4E-11 

ILCR Summation = 7.3E-07 

, 



Table H.V.2-86 
Summary of Intake Quaantitation (clamiuls) 
Reference Receptor: Developed Park User 

Via Ingestion Whib Wadi% 

= C S X E F X E D X I R  
B W  X AT 

IRsw Ingestion nteof surhce water 
EF Exporurefrequmcy 
ED Exposlreduntion 
B W  Bodyweiet 
AT Avenge time forcaninogms 
AT Avenge time fornon -cardoogens 
CS Cbncentntionof chemicalsin rurfacewater 

child - 

2190 
csv 

Cbmpound ancentration Units 

antimony 
amdor- 1254 
amdor-1260 
a d c  
befium 
b W b y r e n e  
cadmium 
l,2-diddoroedlaa 
mamesum 
manganese 
m e m r y  
silver 
23.7,8-lcdd 
tdchloroehene 
uranium-atd 

ie 

1.04E-04 

1.14E -03 
238E-OS 
1.29E-08 

1.92E+01 
1.42E -01 
1.01 E -03 

5.048-04 

E!& 

0.035 
52 
12 
43 

25550 
4380 

csv 

adult - 

13870 
CSV 

saoir  
- adult 

Uday 
daydyear 
yean 
Lg 
days 

5110 days 
M 

References 



Table KV.2-86 (oodnmed) 
Sumataxy of Risk Quantihtion (denials) 
Rebrenca Recaptoe Devaloped Pa& User 

Via Ingesiion Whib Wadi.8 

HQ Calculation 
CDI RfD HQ. 

b m p u n d  (mpjkg-day) fmpjkg-day) (unitless1 
intimonv 2.07E-09 4.00E-04 5.17E-06 
imclor- 1254 
imclor-1260 
lrSeniC 
PerJUium 
i e m ( a ) w e o c  
:admiurn 
L.2-bclioroetbne 
nagoedum 
nanganese 
nercury 
,aver 
!,3.7.8-lcdd 
richlometkne 
rranium-total 

E-08 
E-10 
E-13 

E-04 
E-06 
E-08 

E-08 

NA 
NA 
3.00E-04 
5.00E-03 

1.00E-03 

9.70E+00 
5.00E-03 
3.00E-04 
5.OOE-03 

6.00E-03 
3.00E - 03 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
7.5SE-05 
9.46E -08 

NA 
NA 
NA 
3.93E-05 
5.6SE-04 
6.69E-05 

NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.348-06 

Compound 
antimony 
aroclor 1254 
aroclor-1260 
arsenic 
beqUium 
bem(a)pyrene 
cadmium 
1.2-bcHoroetbne 
magoesium 
manganese 
merrury 
silver 
2.3.7.8-tcdd 
tricliometbene 
uranium -to tal 

I 
I HQ Summation = 7.55E-04 

ILCR Calculation 
CDI CSF ILCR 

lmdkg-day) (m&-day)-* (unitless; 
2.07E-09 

2.278-08 
4.738-10 
2.56E-13 
JA 

JA 
JA 
JA 
JA 

JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
4A 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 

NA 
7.70E+00 
7.70E+00 
1.75E+00 
4.30E+00 
7.30E+00 

9.10E-02 
NA 

NA 
NA 
NA 
NA 
1.50E+05 
l.lOE-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
3.978-08 
2.038-09 
1.87E- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

ILCR Summation = 4.17E-OL 



, 

Table HV.2-87 
Smmmary of Intake Quantitation (chemicals) 
hference Receptor: Developed Park User 

Via Dermal Contact While W a d i q  

ET X ED X DA X SA 
BW X AT 

EP J3poslrefrequfncy 
ED Exposureduration 
BW Bodyweigbt 
A T  Avenge time lorcaninogens 
AT Average time fornon -camnogens 
SA Skin surface area 
DA d~emicalsqpedficdermal absorbeddose 

Q i l d u  

52 
12 
43 

25550 
2190 4380 

5130 
csv csv 

Cbmwund DA Uni IS 

antimony 
amdor-1254 
amdor-1260 
anenic 

barzo(abyrme 
cadmium 
12-diddoroefhane 
m a g e s u m  
manganese 
m e a  ry 
silver 
23.l.8-tdd 
tdchlomefheoe 
UraniW-btd 

beflum 

Refemices 

1.04E-09 

1.14E-08 
238E-10 
729E-10 

192E-04 
1.42E-06 
1.01E-08 

5.04E-09 

mglcm2-day 
mg/cm2-day 
mg/cm2-day 
mg/cm2-day 
mg/cm2-d ay 
mg/cm2-day 
mg/cm2-day 
mgIcrn2-day 
mg/cm2-day 
mg/cm2-day 
mg/cm2-day 
mglcm2-day 
mglcm2-d ay 
mg/cm2-day 
rn g/em2-d ay  
mglcm2-day 

smoir - -  adult adult 

d a w e a r  
yean 
Lg 
days 

a n 2  
13870 5llOdays 

csv csv 

Cbmwuod DA h i t s  

mg/cm2+ay 
mg/cm2+ay 
mg/cm2+ay 
mg/cm’+ay 
m g/cm’+ ay 
mg/cm’+ay 
mg/cm2+ay 
mg/cm2+ay 
mg/cm2+ay 
mg/cm24ay 
mg/cm2+ay 
mg/cm2+ay 
m g /cm24  ay 
m g/cm2+ ay 
mg/cm2+ay 



Table H.V.2-87 (amtinued) 

Compound 
antimny 

Summaq of Risk QoantiLtioa (chemicals) 

~rmal Contact While Wading 
ILCR Calculation 

CDI CSF ILCR 
(mdkg-day) (mglkg-dav)-l furitless' 
3.03E-09 NA NA 

via I 
I HQ Calculation 
I CDI I RID I HO 

intimny 
lmclor-1254 
bmclor-1260 
menic 
jeqllium 
)eaao(a)iyreac 
admium 
L.2-dcHometkme 
nagnesi um 
nanganese 
nercury 
aver 
!.3.1,8- h i d  
ricblometkne 
iranium-total 

hnpound 1 [mglkg-day) I (mglkg-day) I [uidess: 
13.038-09 6.00E-OS S.OSE-O! 

2E-08 
3E-10 
2E-09 

9E-04 
4E-06 
4E-08 

7E-08 

NA 
NA 
2.85E-04 
S.OOE - 03 

S.OOE-OS 

4.858-01 
4.U)E-03 
4.50E - OS 

NA 

NA 

NA 
NA 
5.88E - 03 
1.50E-04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
1.17E-04 
1.39E - O i  

NA 
NA 
NA 
1.1SE-02 
9.858-04 
6.54E-04 

NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

9.79E-OS 

[HQ Sumnution = 3.068-03 

amdor-1254 
amclor - 1260 
arsenic 
beyium 
bcrm(a)pyrene 
zdmium 
1.2-deHomethne 
magnesium 
manganese 
mercury 
silver 
2,3,1,8-kdd 
kicblometkne 
uranium - total 

2E-08 
3E-10 
2E-09 

9E-04 
4E-06 
4E-08 

7E-08 

1.03E+01 
1.03E+01 
1.84E+OO 
4.30E+OO 

NA 
NA 

NA 
NA 
NA 
NA 

1.01E-01 

3.OOE+OS 
1.12E-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
6.12E-OL 
2.988-01 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 

IILCR Snmmation = 6.428-08 



6349  

Intake Equation 

IRsw 
EF 
ED 
c s  

Table H.V.2-88 
Summary of Intake and Risk Quantitation (radionuclides) 

Reference Receptor: Developed Park User 
Via Incidental Ingestion while Wading 

= C S X E F X  EDX IRsw 

Ingestion rate of suface wata 
Exposure hequency 
Exposure duration 
Concentration of radionwlides in surface watu 

R%6+8d 1.5E-03 pCin 
R n ,  pcin 

Tcpp pcin 

Thz32+fOd 1.7E-04 p C i  

u238+26 1.7E-01 pcin 
pcin 
pcin 

Sr50+ld l.lE+00 pCin 

ThzP 3.1E-03 p C i  

uZjslu6 7.E-03  p C i  

child - 

csv 

youth 

0.035 
52 
12 
csv 

pcin 
pcin 
pcvl 
pcin 
p C i  
p C i  
p C i  
p C i  
p C i  
pcin 

adult - 

csv 

senoir 
adult - 

Vday 
dayslyear 
Y-S 

CSV 

3.28-02 
NA 

NA 
24E+01 

6.7E-02 
3.6E-03 
1.6E-01 
3.7E+00 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

NA . 

7.8E- 10 
1.4E- 12 
3.6E- 11  
1.3E- 12 
1.3E- 11 
1.7E- 10 
1.6E- 11 
20E- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.SE-11 
NA 

NA 
8.6E- 10 

8.7E- 13 
6.2E- 13 
26E- 12 
7.3E- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 
9.6E- 10 - I ILCR ~ummation - 



Table H.V.2- 89 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: Developed Park User 
Via E x t c r ~ l  Radiation 

Exposure Equation = [CRXEFXEDX ET,X(l-SHJJ+[CRX EFX EDXETiX(l-SHi)] 

senoir 
a y o u t h - 9  

EF Fraction of year spent arposured 0.18 0.28 0.11 0.11 (unitless) 
ED Exposure duration 6 12 38 14 years 
ET. Fraction of day spent outdoors 0.17 0.17 0.17 0.08 (unitless) 

SH, Shield factor indoors 0.5 0.5 0.5 0.5 (unitless) 
ETi 

SHO Shield factor outdoors (unitless) 

Fraction of dayspent indocrs NA NA NA NA NA 

CR Radionuclide specific concentrations csv csv csv csv 

3.8E-01 pCVg 

1.2E-01 pCVg 
25E-01 pCVg 
6.5E-01 pCig 

NA PCVk? 

3.2E-02 pcig 
NA P C h  

NA P W  
NA PcVg 

2.8E+00 pCig 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

!adionuclides (year pCi/R) (unitless) 

6.1E-01 

1.9E-01 
4.OE-01 

5.OE-02 

NA 

l.OE+OO 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.4E+OO 

6.OE-06 
1.2E - 09 

6.OE- 13 
5.4E- 11 
8.5E-06 
24E-07 
5.1E-08 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.7E-06 
NA 
NA 

24E- 13 
5.5E- 11 
4.3E-07 

22E-07 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.3E - 06 - I ILCR Summation - 



IR 
ET 
EF 
ED 
Bwa 
AT 
A l s  
cs 

P - 
BW X AT 

lnlmbtionratc d b s c s  
Exposure time 
Exporure frqucnq 
@rpcuure due tion 
Body weight (adult) 
Averas time f o r ~ r c i n o ~ c n s  
Avemgc time for nm-carcinogens (adult) 
Conccntntion of chemicals in prticuh IC an modeled 

Table 11.V2-90 
Summary of Rhk Quantitrtion (rbcmicak) 
Refaence R e e p o r :  Wildlife R s c r v c  Ikcr 

Via Inhalation of PutLuht.te 

ShiM 

0.83 
1 

26 
6 

15 
25550 
2 190 
CSV 

Compourd Conccntntion Units 

antimony 
a rodor- US4 
ardor-lZ6O 
arsenic 
beryllium 
benzo(a)pyrcnc 
cadmium 
1.2-didoroclhanc 
magnesium 
m a n g n u c  
mercury 
silur 
2.3.1.8-lcdd 
trichlaocthcne 
uenium- total 

2.0E-09 
1.6E-11 

3.2E-09 
3.5E- 10 
1.lE-11 
3.OE- 10 

1.8E-06 
4.SE-07 
1.SE-10 
l . lE-09 

4.4E-13 
1.1E-08 

UuIl 

0.83 
2 

39 
I2 
43 

25550 
4380 
CSV 

w 
0.83 

2 
52 
38 
70 

25550 
l3870 
av 

renoir 
uM.t 

0.83 m3bour 
1 hadday 

26 daydyear 
14 y e n  
70 k8 

25550 days 
5110 dap 

a v  



Table H.V.2-90 (amtimuad) 
Summary of Risk @a8titrtio8 (ebenials) 
Reference Receptor: Wildlib Reserve User 

Via InhaLti~a of Partialatss 

4.8E-14 

9.6E-12 
1.1E-12 
3.48-14 
9.2E-13 

5.6E-09 
1.4E-09 
4.SE-13 
3.4E-12 

1.3E-15 

NA 

NA 

NA 

r HQ Calculation 
I CDI I RfD I HQ 

h n p u n d  
intinnny I 6.2E-12 NA 

I (mglkg-day) I (mp/kg-day) I (undess’ 

imc~or -1254 
imclor-1260 
lrSeniC 

i e g i u m  
ienao(a)wene 
rdmium 
L.2-dcHoroetbane 
nagnesium 
nanganese 
nerrury 
#aver 
!.3,7,8 -tcdd 
ricblometbene 
rranium - total 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.98-03 

1.4E-OS 
8.6E-05 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
9.5E-05 
5.3E-09 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 

I HQ Sommrtion = 9.5E-OS 

I ILCR Calculation 
I I CDI I CSP I ILCR 

Compuod 
aniinnny I 6.28-12 NA 

I (mp/kg-day)l (mplkg-day)-’ I (uritless’ 

amc~or - 1 254 
amclor- 1260 
arsenic 
beflium 
benao(a)pyrem 
cadmium 
1.2-dcHoroethne 
magnesium 
manganese 
meccury 
silver 

trichlometbene 
2.3.7.8- tcdd 

NA 
NA 
NA 

l.SE+Ol 
8.4E+00 
6.1E+00 
6.3E+00 
9.1E-02 

NA 
NA 
NA 
NA 

l.SE+OS 
6.OE-03 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

1.4E-1C 
8.98-12 
2.1E-13 5.8E-12 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

8.1E-18 

I 

I IIXR Sommrtion = 1.6E-10 



Table KV.2-91 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: Wildlife Reserve User 
Via Inhalation of Gases and Particulates 

tisk Equation 

IR 
ED 
ET 
EF 
CA 

= C A X E F X E D X I R X R  

Inhalation rate of gases 
Ekposure duration 
Ekposure time 
Exposure frequency 
Concentration of radionuclides in air 

1.4E-07 pCim3 
l8E+00 pCim3 
48E-08 pCim’ 
1.4E-07 pCim’ 
4.2E-07 pCim’ 
4.OE-09 pCim’ 

pcim’ 
3.OE-06 pCim’ 

pCim3 
pCim’ 

C $ ?  

083 
6 
1 

26 
csv 

youth 

083 
12 
2 
39 

CSV 

083 

2 
52 

3a 

CSV 

pCim3 
pCim3 
pCim3 
pCim3 
pcim’ 
pCim’ 
pcim’ 
pCim’ 
pCim3 
pc im3 

senoir 
adult - 
0.83 m’/hour 

14 years 
1 houdday 

26 daystyear 
csv 

CDI CSF ILCR 
Ladionuclides (pCi) (pCi)-’ (unitless) 

6.4E-04 
83E+03 
2.2E-04 
6.2E-04 
19E-03 
18E-05 

13E-02 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.OE-09 
73E-13 
6.2E-11 
83E- 12 
2.98-08 

25E-08 
l.lE-07 

2.48-08 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

45E-12 . 
6.OE-09 
13E-14 
5.1E-15 
55E-11 , 
2.OE-12 

3.2E-10 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.4849 - 1 ILCR Summation - 



Table li.V.2-92 
Summary of Risk Quatititation (chemkak) 
Reference Recepta: Wildlife Raruve IBu 
Via Incidental Ingestion of SoiUSediwnt 

Risk Earntian 

IR 
EF 
ED 
CF 
AT 
AT 
BW 
cs 

= CSXEFXEDXCFXIR 
BW X AT 

Ingstbn nte dsoil 
Erposlre mU-7 
Exposure duration 
Conuxsion factor 
A w a p  Iim forcarchops 
A w n g  lirm fornon-carchops 
Bodywight 
Conmnhation ofckmidsinsoil 

Compound Conantration Units 

antimony 
ardor-1254 
ardor-1260 
nrscnic 
beryllium 
be~o(a)pyrp= 

magnesium 

cadmium 
1.2-dichbrae tballc 

manganes 
ErCW 
siher 
23.18 -tcdd 
bichlo~~~tbene 
luaniUm-tok.1 

4.oE+Oo 
2sE-a2 

5.8E+w - 
6.6E-01 
2oE-a2 
6.oE-01 

4.8E+Cl3 
8.lE+a2 
21E-01 
1.8E+w 

7.6E-04 
1.2E+o1 

- child 

12 

6 
E -06 
25550 
2190 
Is 

m 

C N  

pltJ 

u 
39 
12 

E-06 
25550 
4360 

43 
cbv 

adult 

u 
52 
38 

E-06 
25550 
I3870 

70 
cbv 



Table H.V.2-92 (continued) 
Summ8ry of Risk Qu8itit8tioi (chemicals) 

Reference  Receptor: Wildlife Reserve User  
V i a  Incidental Ingestion of SoiVScdiment 

Compound 
antimonv 

HQ Calcula im 
I I CDI I RfD I HQ 

ILCR Calculation 
CDI CSF ILCR 

(mgkg-day) (mgkg-day)-l (unilgs) 
1.OE-07 NA NA 

Compound I (mgkg-day) I (mgkg-day) I (unilgs) 
antimonv I 1.m-07 4.OE-04 2.68-04 

30E-07 3.OE-03 

arocla U54 
arocla - 1260 
arsenic 
bayllium 

cadmium 
12-dichlaoct hane 
magnesium 
manganese 

silva 

trichlaoethene 

benzo(a)pyrene 

m6CUry 

2.17.8-tdd ' 

6.4E-10 

1.5E-07 
1.7E-08 
52E-10 
1.5E-08 

12E-04 
2.1E-05 
5.4E-09 
4.8E-08 

NA' 
NA 

3.m-04 
5.m-03 

NA 

NA 
1.OE-03 

9.7E+00 
1.4E-01 
3.OE-04 
5.OE-03 

6.OE-03 
NA 

NA' 
NA 

5.OE-04 
3.48-06 

1.E-05 

1.3E-05 
1.E-04 
1.8E-05 
9.6E-06 

NA 

NA 

NA 
3.3E-09 

arocla - 1254 
arocla - 1260 
a r s ~  ic 
bayllium 
benzo(a)pyrene 
cadmium 
12-dichlaoet hane 
magnaium 
manganese 

silver 

trichluoethene 

m6CUry 

2.3.7.8-tcdd 

6.4E-10 

1.5E-07 
1.7E-08 
5.2E- 10 
1.5E-08 

12E-04 
2.1E-05 
5.4E-09 
4.8E-08 

2.oE-11 

7.7E+00 
7.7E+00 
1.8E+00 
4.3E+00 
7.3E+00 

NA 

NA 
NA 
NA 
NA 

9.1E-02 

1.5E+o5 
l.lE-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.9E-09 

2.6E - 07 
7.4E - 08 
3.8E-09 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.2E-13 

I 1 HQ Summa io0 = l.lE-03 I ILCR Summation = 3.4E-07 . .  



Risk Equation 

IR 
EF 
ED 
FI 
cs 

Table H.V.2-93 
Summary of  Risk Quantitation (radionuclides) 

Reference Receptor Wildlife Reserve User 
Via Incidental Ingestion of Soillsediment 

= C S X E F X E D X F I X I R  

Ingestion rate of soil 
Exposure frequency 
Exposure duration 
Fractional Intake 
Concentration of chemicals in soil 

3.8E-04 pCimg 
pCimg 

1.2E-04 pCimg 
2.5E-04 pCimg 
6.5E-04 pCimg 
3.28-05 pCimg 

pCimg 
2.8E-03 pCimg 

pCimg 
pCimg 

senoir 
W & a d u l ( *  

12 13 13 6 mg/day 
26 39 52 26 days&ar 
6 12 38 14 year 
1 1 1 1 (unitless) 

csv CSV CSV csv 

pCimg 
pCimg 
pCimg 
pCimg 
pCimg 
pCimg 
pCimg 
pCimg 
pCimg 
pCimg 

ILCR 
Ladionuclidea (pCi) (VCi) .-PF (unitless) 

CDI 

1.4E-05 

4.3E-06 
9.OE-06 
2.38-05 
l.lE-06 

9.9E-05 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.8E- 10 
1.4E- 12 
3.6E-11 
1.3E- 12 
1.3E- 11 
1.m- 10 
1.6E- 11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.1E- 14 

1.5E- 16 
1.2E- 17 
3.OE- 16 
1.9E- 16 

2.OE- 15 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.3E- 14 - [ILCR Summation - 



RirkEaatim 

Table H.V.2-94 
Sommary of Risk Qiaantitrtiolr (cksniuls) 
Refmenee Receptor: Wildlib Resenn, User 

Via Dermal Coatrctwith SOiVSedht 

= CSXEFXEDXCFXABSXAFXSA 
BW X AT 

SA 
AF 
EP 
ED 
CP 
BW 
AT 
AT 
ABS 
cs 

brfacearcaofqosed skin 
Absorbtion facbr 

-reduraion 
Cbnwion fador 

Average time b r  carcinogens 
Average lime br non-cardnogens 
Absorbtion facacbr 
Ooncmtraion ofchanicdsin soil 

-re bequmey 

Bodywri&$lt 

&iJ 

2000 

26 
6 

LE- 06 
15 

25550 
2190 

csv 
csv 

CSV 

k w u n d  ABS CbncentraCon Units 

aptimOny 
amdor-l?S) 
amdor-1260 
arsenic 

bmm(a)pyrene 
cadmium 
1.2-dichlomchp1 e 
mapesium 
maganere 
m-v 
silver 
23.78- todd 
tichloroehene 
uranium-total 

w m  

1.E-02 
6.W-02 
6.E-02 
1.E-03 
l . E - 0 2  
3.E-01 
L E - 0 2  
3.E-01 
l . E - 0 2  
1.E-02 
5.E-02 
1.E-02 
3.E-02 
3.E-01 
1.E-02 

NA 

4.(E+Oo 
2s-02 

5.&E+Oo 
6.S-01 
2.E-02 
6.E-01 

48E+03 
8.1E+02 
2.E-01 
1.8E+Oo 

7.S-04 
l Z + 0 1  

E!!!!!! 

4l38 

39 
12 

1.OOOE-06 
43 

25550 
4380 

csv 

csv 
csv 

aiul t 

5750 

52 
38 

LE-06 
70 

25550 
13870 

- 

C N  

csv 
csv 

smoir 
- aiul t 

5750 an2/day 
csv (unidess) 
26 daystyear 
14 year 

LE-06 Lg/mg 

25550 day 
5110 day 

70 Lg 

csv (unidess) 
csv 

Cbm-d ABS Cbncentralon Units 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 



Table =VI-94 ( a m t i m m e d )  
Summary of Risk Qsantitrtiom (denials) 
Reference Receptor: WiMlife Reserve User 

Via Dermal Contactwith SoiVSedimemt 

Compound 
antimony 

HQ Calculation 
CDI RID HQ 

(mplk-day) (mdk-day) (uridessj 
4.OE-07 6.OE-OS 6.78-03 

arnc~or-1254 
amclor - 1260 
arsenic 
beflium 
bem(a)pyrene 
cadmium 
1.2-dciiomethane 
magnesium 
manganese 
mercury 
silver 
2,3,7.8-tCdd 
tnchloroethene 

I uranium-totd 2E-06 

1SE -08 

5.8E-08 
6.7E-08 
6.1E-08 
6.OE-08 

4.88-04 
8.2E-OS 
l.lE-07 
1.9E - 07 

2.3E-09 

NA 

NA 

NA 

NA 
NA 

2.9E-04 
5.OE-03 

5.OE-OS 

4.9E-01 
4.2E-03 
4.SE-OS 

NA 

NA 

NA 
NA 

5.9E-03 
1.5E-04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

2.OE-04 
1.3E-OS 

1.2E-03 

9.98-04 
2.OE-02 
2.38-03 

NA 

NA 

NA 
NA 

3.98-07 
7.88-03 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 

I HQ Summation = 3.98-02 

I ILCR Calculation 
I CDI I CSF I ILCR 

k m p u n d  
1ntimonv I 4.OE-07 NA NA 

I (mdkg-day)l (rndkg-dayl-' I (undess 

imc1or-1254 
rmclor-1260 
1rseniC 
ierjUium 
ienz~(a)weoe 
:admiurn 
1.2-dciiomethane 
magnesium 
sanganese 
menury 
iilver 
1,3,7.8-tCdd 
:richloroethene 
rmium-total 

l.OE+Ol 
1 .OE+ 01 
1.8E+00 
4.3E+00 

NA 
NA 

NA 
NA 
NA 
NA 

1.OE-01 

3.OE+O5 
1.1E-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.5E-0 

1.1E-0 
2.9E-0 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.6E-1 

I 

I ILCR Summation = 5.5E-0: 



Table H.V.2-95 
Smmrmry of Risk Qnantilatiom (cbemials) 
Reference Receptor: WiMlih R e m m  User 

Via Ingestion While Wadi% 

= CSXEFXEDXIR 
BW X AT 

IRsw Ingeslion nteof  surface water 
EF Eapomrefrequency 
ED Eaposlredurafion 
BW Bodyweiat 
AT Avenge time forcardnogens 
AT Avenge h e  fornon -catxinogens 
CS Cbncm tration of memicals in slrface water 

References 

0.035 
52 
12 
43 

25550 
2190 4380 

CSV csv 

Chrnvound CbncentraCan Units 

antimony 
amdor-1254 
amdor-1260 
arseaic 
beryium 
h w k F e  
CadmiUm 
1.2-didoroehane 
magpesum 
manganese 
memry  
silver 
23,7$-(cdd 
tichlomebene 
ulanium-tDtal 

1ME-04 

1.14E-03 
238E-OS 
129E-08 

1.92E+01 
1.42E-01 
1.01E-03 

5.048-04 

senoi r 
- adult 

way 

Lg 
days 

d a w e a r  
years 

13870 5110days 
CSV csv 

Cbmpound Concmtntion Uniu 



Table H.V.2-95 (amtinod) 
Summary of Risk Qoantitation (chsniala) 
Rebrence Receptor. Wildlib &serve User 

Via Inpsiion While Wadha 

HQCalculation 
I CDI I RfD I HQ 

bmpound I (mplkg-day) I (mplkg-day) I (uritless' 
06 m n y  I2.07E-09 4.00E-04 S.17E-0( 
mc10rL1254 
mclor - 1260 
rsenic 
eflium 
enm(a)pyreae 
admiurn 
,2-dcHoloethane 
magnesium 
oanganese 
mercury 
ilver 
,3,7.8-lcdd 
richlometkne 
iranium-total 

I HQ Summation = 7SE-0 .  

NA 
NA 
3.00E-04 
S.OOE-03 

1 .WE - 03 

9.70E+00 
5.00E-03 
3.00E-04 
S.00E-03 

6.00E-03 
3.00E-03 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
7.5SE-Oi 
9.468-Of 
NA 
NA 
NA 
3.93E-01 
S.6SE-Ol 
6.69E-Oi 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.34E-O( 

I ILCR Calculation 
I CDI 

Imclor- 1260 
IrselIiC 
ieqllium 
ienm(a)pyrene 
odmium 
..2-dcHonethane 
nagnesum 
nangoese 
nercury 
h e r  
!,3,7,8-t~dd 
ricbloroetkne 
iranium-total 

NA 
7.70E+ 00 
7.70E+00 
1.7SE+00 
4.30E+ 00 
7.30E+00 

9.10E-02 
NA 

NA 
NA 
NA 
NA 
l.SOE+ 05 
l.lOE-02 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
3.978-0 
2.03E-0 
1.87E-1 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 

I ILCR Summation = 4.17E-0 



Table HV3-96 
Summary of Risk Qtuntitrtiom (ckemiuls) 
Reference Receptor: Wildlib Resomi User 

Via Dermal Contact While Wadi.8 

FP X ED XDA X SA 
BW X AT 

FP Eapomrefrequency 
ED Eapomreduntion 
BW Bodywa&t 
AT Avenge b e  brcaninogens 
AT Avenge time brnon-cardnogens 
SA Skin surface area 
DA &emicalsspedficdetnd absorbeddose 

52 
12 
43 

25550 
2190 4380 

5130 
csv csv 

Cbmpound DA its 

antimony 
amdor- 1254 
a d o r - 1 2 6 0  
a&c 
belgium 
k W a b y r c n e  
cadmium 
12 -dido roe& an e 
m a p e s u m  
manganese 
merplry 
silver 
23.78- t d d  
tdchlomehene 
U r a n i ~ - b t d  

1.04E-09 

1.14E-08 
238E-10 
729E-10 

192E-04 
1.428-06 
1.01E-08 

5.048-09 

mglcm2-day 
mg/cm2-day 
mg/cm2-day 
mg/cm2-day 
m g/cm 2-d ay 
m g/cm 2-d ay 
mglcm2-day 
m g/cm2-d ay 
m g/cm2-day 
mg/cm2-day 
mg/cm’-day 
mg/cm2-day 
mglcm2-day 
mg/cm2-day 
mg/cm2-day 
mg/cm2-day 

smoir 
adult adult - -  

daysfyear 
Yean 
b 
days 

an2  
13870 5llOdays 

csv esv 

Cbmpound DA units 

mg/cm’-day 
mg/cm’-day 
mg/cm’-day 
mg/cm2-d ay 
mg/cm’-day 
mg/cm2-ciay 
m g/cm2-d ay 
m g/cm2-ti ay 
mg/cm’-day 
mg/cm’-day 
mg/cm’-iay 
mdcm2-tiay 
mg/cm’-day 
mg/cm’day 
mg/cm’-day 



Compound 
antinmny 
amclor- 1254 
amclor- 1260 
arsenic 
b e d i u m  
benm(a)pyrene 
cadmium 
1.2-dcHometbane 
magnesium 
manganese 

~ mercury 
1 silver 
23.1,8-tcdd 
tricbiometkne 

ILCR Calculation HQ Calculation 
CDI RfD HQ CDI CSP ILCR 

(mdk-day) (mdk-day) [uritless) Compound Imdk-day) (mdk-dayl-' [uridessr 
3.038-09 6.00E-OS 5.058-05 antimay 3.03E-09 NA NA 

NA 

I uranium-totd 7E-08 

NA 
3.328-08 
6.938-10 
2.128-09 

NA 
NA 
5.59E-04 
4.148-06 
2.948-08 

NA 
NA 
JiA 

NA 
NA 
2.85E-04 
5.00E-03 

WOE-05 

4.85E-01 
4.20E - 03 
4.508-05 

NA 

NA 

NA 
NA 
5.88E - 03 
1.50E - 04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
1.17E-01 
1.398-07 

NA 
NA 
NA 
1.15E-03 
9.85E-04 
6.54E-04 

NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

9.79E-05 

I HQ Somnution = 3.06E-03 

amclor- 1254 
amdor-1260 
arsenic 
bedium 
berm(a)pyrene 
cadmium 
1.2-dcblomethne 
magnesium 
manganese 
mercury 
silver 
2,3,7,8- tcdd 
tricbiometkne 
uranium-total 

1.03E+01 
1.03E+01 
1.84E+00 
4.30E+00 

NA 
NA 

NA 
NA 
NA 
NA 

1.01E-01 

3.00E+OS 
1.12E-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
6.128-08 
2.988-09 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 

I ILCR Summation = 6.428-08 



. .. ... . . - . .... .. . . ..- - . . . . .- .. . .__. . -. . . ... . . - . . . . . . . .. .. . - . . . . . - . . . . . .- . .- . .~ . - - .. . . -. . . - -. 

Radionuclides (pCi) (pCi)-' (unitless) 

R%26+8d 3.2E-02 7.8E- 10 2.SE- 1 1  
R??22 NA 1.4E- 12 NA 
SrW+ld 2.4E+01 3.6E- 11 8.6E- 10 
T% NA 1.3E- 12 NA 
-3 6.7E-02 1.3E- 11 8.7E- 13 
%Z+lOd 3.6E-03 1.7E- 10 6.2E- 13 
u235t13S 1.6E-01 1.6E- 11 26E- 12 
u238+2d 3.7E+00 20E- 11 7.3E- 11 

NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 

9.6E- 10 - 

6 3 4 9  
e 

a 

tisk Equation 

IRsw 
EF 
ED 
c s  

Table H.V.2- 97 
Summary of  Risk Quantitation (radionuclides) 

Reference Receptor: Wildlife Reserve User 
Via Incidental Ingestion while Wading 

= CSXEFXEDXIRsw 

Ingationrate of suface water 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in surface wate 

1.SE-03 p C i  
pcin 

P C i  
3.1E-03 pCin 
1.7E-04 pCin 
7 .E-03  p C i  

l.lE+00 p C i  

1.7E-01 p c i  
p C i  
P C i  

- child youth 

0.035 
52 
12 

csv CSV 

P C i  
pcin 
pcin 
pcin 
pcin 
p C i  
pcvl 
p C i  
pcin 
pcin 

S€llOil  

- adult adult 
Vday 
dayslyear 
Y W S  

CSV CSV 



Table H.V.2-98 
Summary o f  Risk Qnantitation (radionuclides) 

Reference Receptor: Wildlife Reserve User 
Via External Radiation 

wosure Equation = [CRXEFXEDX ET,X(l-SHJ]+[CRX EFX EDXET~X(I-SHI)] 

EF Fractionof year spent exposured 0.07 

ET. Fractionof dayspent outdoors 0.04 

SHi Shield factor indoors 0.5 

Radionuclide specific concentrations csv 

RnpZ 

ED Exposure duration 6 

ET1 Fraction of day spent indous NA 

Shield factor outdoors 

R%6+8d 3.8E-01 pCVg 

1.2E-01 pCVg s90+ld 
TCPP 25E-01 pCVg 
Thrm 6.m-01 pciig 

NA PCVa 

Thr.p+lOd 3.2E-02 pciig 
u2?3236 NA PCVa 
u233+2d 2.8E+00 pCVg 

NA PCiL3 
NA P W 3  

senou 
y o u l h * *  

0.11 0.14 0.07 (unitless) 

0.08 0.08 0.04 (unitless) 
NA NA NA NA 
0.5 0.5 0.5 (unitless) 

(unitless) 

12 38 14 years 

csy csv csy 

NA PCVa 
NA P W  
NA PCda 
NA PCVg 
NA PcVg 
NA PCVa 
NA PCVg 
NA P W  
NA P W 3  
NA P W  

23E-01 

7.OE-02 
1.m-01 
3.8E-01 
1.9E-02 

1.6E+OO 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.OE-06 
1.2E- 09 

6.OE- 13 
5.4E- 11 
8 .E-06  
24E-07 
5.1E-08 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.4E-06 
NA 
NA 

8.8E- 14 
20E- 11 
1.6E-07 

8.3E-08 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 

1.6E - 06 - I ILCR ~ummation - 



Risk Earntim 

IR 
E% 
E R  
EDd 
B M  
AT 
A% 
cs 

Table H.V.2-99 
Summary of Rkt Quaditation (chemicals) 
Reference Receptor: Expanded Trcspassa 

Via Inhalation of Partieulata 

CS XEFXED X IRXET 
BW X AT 

Inhahtionmte dgares 
Expowe tinre (adult) 
Expasue fmqterq (adult) 
Expasue duration (adult) 
Bodyweight (adult) 
A=mp: timC forcarchops 
Awnp: tk fornon-arcwns  (adult) 
Coacentration of ckmidr  in particdate 86 modeled 

& a d u l t  
0.83 0.83 m3h0ur 

2 1 howlday 
110 40 daydyear 
12 32 Year 

Compound Concentration Units 

antimony 
ardor-1254 
ardor-  1260 
nrsnic 
beryuium 
be-P)p)Re" 

magnesium 

cadmium 
t2-dichbrahre 

Illangalere 
mmlrry 
siher 
23.78 - tcdd 
trichloroethene 
uI;lni~-tOk.l 

2OE-09 
1.6E-11 

3.E-09 
3.E-10 
LE-11 
3.OE-10 

1.E-06 
4.E-a7 
1.E-10 
1.E-09 

4.4E-13 
1.E-08 

References 



Table RV.2-99 (conCnmed) 
Summary of Risk Qnantitrtion (ckemials) 
R e h e n c e  Receptor: Expanded Trespasser 

Via Inhalation of Partialabs 

1.5E-14 

3.1E-12 
3.4E-13 
1.1E-14 
2.98-13 

1.8E-09 
4.3E-10 
1.4E-13 
l.lE-12 

4.38-16 

NA 

NA 

NA 

I HQ Calculation 
I I CDI I RfD I HQ 
Compound 
antinuny I 2.OE-12 NA 

I (mdkg-day) I (mdkg-day) I (unitless 

amclor -125.4 
amclor-1260 
arsenic 
beflium 
benm(a)jyrene 
cadmium 
1.2-dcHomethane 
magnesium 
manganese 
mercury 
silver 
2.3.7.8 - tcdd 
tricblometkne 

I uranium-tot$ 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.9E-03 

1.4E-OS 
8.6E-05 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
3.OE-0 
1.7E-0 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1 

I HQ Sumnution = 3.OE-0 

I ILCR Calculation 
I CDI I CSF 

imclor-1260 
irsenic 
beflium 
benm(a)wene 
:admiurn 
1.2-bcHomethane 
nagnesium 
nangnese 
nexury 
aver 
!,3,7,8-@dd 
ricblometkne 
Iranium-total 

NA 
NA 
NA 

l.SE+Ol 
8.4E+00 
6.1E+00 
6.3E+00 
9.1E-02 

NA 
NA 
NA 
NA 

l.SE+OS 
6.OE - 03 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 

1.2E-l( 
7.5E-1; 
1.8E-1: 
4.9E-1: 

NA 
NA 
NA ' 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.9E- 11 

I 

[ILCR Snmmation = 1.4E-1( 

.- . 



.. . 

tisk Euuation 

IR 
EFa 
EDa 
ETa 
CA 

Summary of Risk Quantitation (radionuclides) 
Reference Receptor: Expanded Trespasser 
Via Inhalation of Gases and Partidates 

= CAXEFXEDXIRXET 

Inhalation rate of gases 
Exposure frequency (adult) 
Exposure duration 
Exposure time (adult) 
Concentration of radionuclides in air 

R%+Sd 1.4E-07 

S'EO+ld 4.8E-08 
T% 1.4E-07 

4.2E-M 
4.OE-09 

um+2xi 3.OE-06 

%.n 1.8E+a0 

ThzJo 
%+lW 
"psm 

0.83 
110 
12 
2 

csv 

adult - 
0.83 m3hour 
40 dayslyear 
32 Year 

1 hour/day 
csv (see table below) 

CDI CSF ILCR 
kidionuclides ( V C i )  (pa)- '  (unit less) 

I 
4.6E-04 
6.OE+U3 
1.6E-04 
4.5E-04 
1.4E-U3 
1.3E-05 

9.6E-Q3 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.OE-09 
7.3E- 13 
6.2E- 11 
8.3E- 12 
2.9E-08 
l.lE-07 
2.5E-OS 
2.4E-OS 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.2E- 12 
4.48-09 
9.7E- 15 
3.7E- 15 
4.OE- 11 
1.4E- 12 

2.3E- 10 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.6E-09 - 1 ILCR Summation - -1 

6 3 4 9  - 

. . . . .  . .  ,.. ..., ' .. 



. L.  . 

1Ra 
CP 
EFa 
EI)r 
BWa 
AT 
A P  
CS 

BWXAT 

Ingestion n t c  of soil (adult) 
Conversion factor 
Exposure frequenq (adult) 
Exposure duntion (adult) 
Body Weight (adult) 
A v e n g  time for srcinogenr 
Average time for om-srcimgenr (adult) 
C o w n t n  tion of chemicals in soil 

Table H.V2-101 
Summary of Risk Quanlilation (chemic&) 
Reference Reeegor: Expanded Trespasser 
Via Incidental Ingglion o f  Soil/Sedimcnt 

Compoud Concentration Units 

antimony 
a rodor- l254 
arodor-l26O 
anenie 
beryllium 
benzo(a)pyrcne 
sdmium 
1.2 - diddormtls 
magnesium 
mang.nere 
mereuly 
S i l U J  

2.3.1.8-lcdd 
trichloocthene 
unnium-total 

I ne 

4.OEtOO 
2.5E-02 

5.8EtO0 
6.6E-01 
2.0E-02 
6.0E-01 

4.8EtO3 
8.1Ei.02 
2.1E-01 
1.8E+00 

7.6E-04 
1.2EtOl 

r p l l m u h k  

12.5 U.5 muday 

110 40 daydyear 
12 32 Year 
43 70 ks 

25550 25550 days 
4380 11680 days 

1.00E-06 1.00E-06 kdmg 

u v  CSV 

... 



Table II.V.2-101 (continued) 

kmpound 
uttimony 

Summary of Risk Qmrtitatior (chsmieals) 
Reference Receptor: Erpanded Trespasser 
Via Incidental Ingestion of SoiVSedimcnt 

HQ Calcula ion 
CDI RfD HQ 

(mgkg-day) (mgkg-day) (unilgs) 
1.92-07 4.OE-04 3.8E-04 

Compound 
antimony 

lroclor - 1254 
u0~10r - 1260 
usenic 
myllium 
ienzo(a)pyrene 
admium 
,,2-dichlarodhane 
n a p s i u m  
nanganse 
nacury 
ihrer 

richluoethene 
branium-total 

!.3,7,8-tcdd 

ILCR Calculation 
CDI CSF ILCR 

(mgk g- day) (mgk g - day)-] 
9.92-08 NA NA 

( unlless 

NA 
NA 

3.OE-04 
5.OE -03 

1 .OE - 03 

9.7E+00 
1.4E-01 
3.OE-04 
5.OE-03 

6.m-03 
3.0E - 03 

NA 

NA 

NA 

NA 
NA 
NA 
NA- 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

7.3E-04 
5.OE-06 

NA 

NA 
2.38-05 

1.9E -05 
2.2E-04 
2.7E-05 
1.4E-OS 

NA 
4.88-09 
1.SE-04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 
[ HQ Summtion = 1.6E-03 

aroclor - 1254 

arsenic 
bayllium 
berao(a)pyrene 
cadmium 
1,2-dichlarc-d hane 
magneium 
mangancse 
macury 
silver 
2.3.1.8-tcdd 
trichluoethene 
uranium-total 

UOCIIX - 1260 
7.7E+oo 
7.7E+Oo 
1.8E+OO 
4.3E+00 
7.3E+00 

NA 

NA 
NA 
NA 
NA 

9.1E-02 

1.5E+o5 
l.lE-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.92-o! 

2.4E-0 
6.8E-Ot 
3.SE-o! 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.m-1: 

I 
I ILCR Summation = 3.2E-07 

I 



Risk Equation 

IRa 
EFa 
EDa 
FI 
cs 

Table H.V.2- 102 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: Expanded Trespasser 
Via Incidental Ingestion of Soil/Sediment 

= CSXEFXEDXFIXIR 

Ingestion rate of soil (adult) 
Exposure frequency (adult) 
Exposure Duration 
Fractional Intake 
Concentration of radionuclides in soil 

3.8E-04 pCi/mg 
pCi/mg 

1.2E-04 pCi/mg 
2.5E-04 pCi/mg 
6.5E-04 pCi/mg 
3.2E-05 pCi/mg 

pCi/mg 
2.8E-03 pCUmg 

pCUmg 
pCi/mg 

e 
12.5 
110 
12 
1 

csv 

adult - 
12.5 mg/day 

40 dayslyear 
32 Year 

1 (unitless) 
csv 

CDI CSF ILCR 
, adi on ucli d es (pCi) (pCi)-' (uni tless) 

1.2E+01 

3.9E+00 
8.1E+00 
2.1E+01 
l.OE+OO 

9.OE+01 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.8E- 10 
1.4E- 12 
3.6E- 11 
1.3E- 12 
1.3E- 11 
1.7E- 10 
1.6E- 11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

9.7E-09 
NA 

1.4E- 10 
1.1E- 11 
2.7E- 10 
1.8E- 10 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.8E-09 

I ILCR Summation - - 1.2E-08 

pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 



Table H.V2-103 
Summary of Rkk Quantitation (chemic&) 
Refaence Recepor: Expanded Tresplsscr 
Via Dermal Contad with SoiVsedimcd 

SA 
AF 
ABS 
C F  
E R  
E W  
BWa 
AT 
ATa 
cs 

Surfaceares of exposed skin (adult) 
S d  torkhadherena factor 
chemkalr rpccifica brorbtion factor 
Conversion hctor 
Exponrrc frequency (adult) 
Exposure dumtion (adult) 
Body weight (adult) 
Avelag time forercinogenr 
Avcogc time fornm-srcinogenr (add)  
Coaentra tion of chemicals in soil 

Compound ABS CoDccntration Units 

antimony 1.0E-02 4.OEMO mgkg 
a r d o r -  E54 6.0E-02 2.5E-02 mgkg 

arsenic 1.0E-03 5.8E+00 mgkg 
bcryilium 1.0E-02 6.6E-01 mgkg 
bcnm(a)pyrcnc 3.0E-01 2.0E-02 m a g  
sdmium 1.OE-02 6.0E-01 mgkg 

magnesium 1.OE-02 4.8E+03 mgkg  
mangnere 1.0E-02 8.1Ei-02 mgkg 
mercury S.0E-02 2.1E-01 mgkg 
silwr 1.0E-02 1.8E+00 mgkg 

trichlarocthene 3.0E-01 7.6E-04 mgkg 
umnium-total 1.0E-02 1.2E+01 mgkg 

a r d o r -  E 6 0  6.0E-02 m a s  

1 .2-didorocboe  3.0E-01 mgkg  

2.3.1.8-lCdd 3.0E-02 m g k s  

NA mgkg  

YQuh 

4200 
1 

1.0E-06 
110 
12 
43 

25550 
4380 

CSV 

c(V 

aadt 

3% c m b  
1 mglcm 

a v  
1.0E-06 kglmg 

40 dayJyur  
32 Y Q ~  
70 kg 

j r  

2ssY) dap 
11680 dap 

CSV 

I 



Table H.V.2-103 (umthnud) 

%ompound 
antimny 

Summary of Risk Quantiition (demials)  
Reference Receptor: Expanded Trespasser 
Via Dermal Coatactwith SoillSediment 

ILCRCalculation 
CDI CSF ILCR 

(mp/kg-day) (mp/kp,-day)-' (unitless: 
3.6E - 07 

Compound 
antimnv 
amclor-1254 
amdor- 1260 
arsenic 
beflium 
bem(a)pyrene 
cadmium 
1,2-dcPomethne 
magnesium 
manganese 
menmy 
silver 
2.3.7.8-tcdd 
trichloroetheae 
uranium - to tal 

HQCaculation 
CDI RfD HQ 

(mp/kp,-day) [mp/kg-day) [umcless) 
5.8E-07 6.OE-OS 9.68-03 

2E-08 

4E-08 
6E-08 
7E-08 
7E-08 

9E-04 
2E-04 
SE-07 
7E-07 

3E-09 
7E-06 

NA 
NA 

2.9E-04 
5.OE-03 

5.OE-OS 

4.9E-01 
4.2E - 03 
4.5E-OS 

NA 

NA 

NA 
NA 

5.9E-03 
1.SE-04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

2.9E-04 
1.9E-05 

1.7E-03 

1.4E-03 
2.8E-02 
3.4E-03 

NA 

NA 

NA 
NA 

5.6E-07 
l.lE-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I I HQ Snmnution = 5.68-02 

NA NA 
amc~or- 1254 
amclor- 1260 
arsenic 
Seflium 
oem(a)weae  
:admiurn 
1.2-dcYomethne 
magnesium 
manganesq 
mercury 
silver 
2.3.7.8 - tcdd 
lrichloroethene 
uranium-total 

4E-08 

3E-08 
1E-08 
SE-08 
SE-08 

4E-04 
4E-OS 
6E-08 
7E-07 

1E-09 
1E-06 

l.OE+Ol 
l.OE+Ol 
1.8E+W 
4.3E+ 00 

NA 
NA 

NA 
NA 
NA 
NA 

1.OE-01 

3.OE+OS 
l.1E-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.4E-07 

9.7E-08 
2.6E-07 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.3E- 11 

I S.OE-Oi I ILCR Summation = 



= C S X E P X E D X I R  
BW X AT 

IRsw 
EFa Exporure frequency (adult) 
Ew Exposure duration (adult) 
BWa Body weight (adult) 
A T  Averags time for carcinogens 
ATa Averagc time forncm-carcinogens (adult) 
CS 

Ingestion rate of  surhce water 

Concenha tion of chemicals in surface water 

C o m w u d  Concentration Units 

antimony 
a r d o r -  1254 
a r d o r -  1260 
arsenic 
beryllium 
benzo(a)pyrcne 
cadmium 
1.2-diddorocth 
magnesium 
manganese 
mercury 
silux 
2,3,7,8- tfdd 
trichlaocthene 
uranium-total 

I ne 

1.04E-04 

l.14E-03 
2.38E-OS 
1.29E-08 

1 .=E + 01 
1.42E-01 
1.01E-03 

5.04E-04 

~ C K ~ G U G G  n a r p u r ;  c r p n a a  ircspassa  
Via Ingestion While Wading 

Ku!hm 

0.035 V d Y  
52 damar 
12 Year 
43 70 kg 

4380 11680 days 
25550 25550 days 

CSV CSV 



Table EV.2-104 
!haunary of Risk Qoantitrtion (cheniab) 
Reference Receptor: Expanded Tmspasser 

Via Ingestiom While Wadin8 

NA 
3.618-08 
7.53E-10 
4.08E-13 

NA 
NA 
6.07E - 04 
4.49E-06 
3.19E-08 

NA 
NA 

I HQCalculation 
I I CDI I RID I HQ 
CompDund I (mdkg-day) I (mdk-day) I (umtless) 
antirmny I3.29E-09 4.WE-04 8.22E-06 
I amelor-1254 tNA 
amclor-1260 
arsenic 
beqllium 
benm(a)pyrene 
cadmium 
1,2-dcHoroethane 
magnesium 
manganese 
merury 
silver 

trichlometkne 
2.3.7.8-lcdd 

I uranium-total 9E-08 

NA 
NA 
3.WE-04 
5.WE-03 

1.WE-03 

9.70E+ 00 
5.00E-03 
3.00E-04 
5.00E-03 

6.WE-03 
3.WE-03 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
1.2OE-04 
1.51E-07 

NA 
NA 
NA 
6.26E-05 
8.98E-04 
1.06E-01 

NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.31 E -06 

I 

I HQ Sumnution = 1.20E-03 

I IKRCalculatioa 
I CDI I CSP I I K R  

a roclor- 1254 
amclor-1260 
arsenic 
beqllium 
benm(a)pyrene 
cadmium 
1.2-dcHoroetkme 
magnesi um 
mangnese 
mercury 
silver 
2.3J.8-lcdd 
trichlometkne 
uranium - total 

7E-08 
3E-10 
6E-13 

7.70E+ 00 
7.70E+ 00 
1.7SE+00 
4.30E+00 
7.30E+00 

9.10E-02 
NA 

NA 
NA 
NA 
NA 
l.SOE+OS 
l.lOE-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
3.978-08 
2.03849 
1.87E- 12 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 

l I W R  Summation = 4.17E-08 

. -., 
-- . . .  

. .  
4. . 



Table H.V.2-105 
Sommary of R u t  Qnantitalion (chemicals) 
Rcfercncc Receptor: Expanded Trcrpaner 

Via D a m d  Contact While Wading 

E EFXEDXDAXSA 
B W X A T  

@Fa hposure [nqucncy (adult) 
EDa Ekposurc duration (adult) 
BWa Bodyweight (adult) 
AT Average time f o r c a n h o g m  
ATa 
D A  chemicals specific dcrmalabsorbcddore 
SAa Skin rurke area (adult) 

Average time for non-canhogens (adult) 

Compound DA Units 

antimony 
aroclor- US4 
aroclor-l260 
arsenic 
beryllium 
bcao(a)pycnc 
cadmium 

magnesium 
manganese 
mcmury 
rilwx 
2 3.78 - tcdd 
trchlorocthcnc 
uranium-total 

12-dthl0rocthme 

m e - 0 9  

1.14E-08 
238E- 10 
729B- 10 

192E-04 
l.42E-06 
101E-08 

5WE-09 

mgkm'-day 
mgkm'-day 
mgkm'-day 
mgkm'-day 
mgkm'-day 
mgkm'-day 
mgkm'-&y 
m&m'-day 
mgkm'-day 
mgkm'-day 
mgkm'-day 
mgk m' - day 
mgkm'-day 
mgkm'-day 
mgkm'-day 
mgkm'-day 

Y P l L t h a M l  

52 byrlycar 
u Year 
43 70 kg 

2 5 5 9  255Y)dayl 
4380 11680 day 

5130 cui' 
CSV csv 

Compound DA UnitS 

m g k m G i a y  
mgkma-day 
mgkm'-day 
mgkml-day 
mgkm'-day 
mgkm'-day 
mgkm'-day 
mgkm'-day 
mgkma-day 
mgkm'-day 
mgkm'-day 
mgkm'-day 
m&ma-day 
mgkm'-day 
mgkma-day 

. . ,. 

I 



Table EV.2-105 (aonthued) 

Compound 
anhmnv 

Summary of Risk Quanti&tiom (chemicals) 
Reference Receptor: Expamded Trespasser 

Via Demo1 Contact While Wadi.8 
I ILCR Calculation 
I CDI I CSP 

HQCalculaCon 
CDI RID HQ 

(mdkg-dav) (mdkg-day) (uaitless) 
4.828-09 6.00E-OS 8.03E-05 

amc1or-12~4 
amclor-1260 
arsenic 
beflium 
bem(n)pyrene 
cadmium 
1.2-dcHomethne 
magmzsium 
manganese 
mercury 
silver 
2,3,7.8-tcdd 
trichlometkne 
uranium-total 

NA 
NA 
2.8SE-04 
S.00E-03 

S.00E-OS 

4.8SE-01 
4.20E-03 
4.SOE-OS 

NA 

NA 

NA 
NA 
S.08E-03 
1.50E - 04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
1.8SE-04 
2.21E-07 

NA 
NA 
NA 
1.848-03 
1.57E-03 
1.04E -03 

NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.56E-04 

L I 
[ H a  Summation = 4.86E-03 

Compound 

amclor- 1254 
amclor- 1260 
srsenic 
belJlium 
benzo(a)pyrene 
cadmium 
1.2-dcHomethne 
magnes um 
manganese 
mercury 
silver 
2.3.7.8-t~dd 
tricblometkne 
uranium-total 

s n h m n y  

1.03E+01 NA 

.93E-10 4.30E+00 2.988 

.12E-09 NA NA 

1.01E-01 NA 
9E-04 NA NA 
4E-06 NA NA 
4E-08 NA NA 

3.00E+OS NA 
1.12E-02 NA 

7E-08 NA NA 

I I ILCR Sommation = 6.42E-08 



I - . .. . . . . - - - 

63.4 9- - -  

Radionuclides (pci) (pa)-' (unitless) 

Ra226+8d 3.2E-02 7.8E- 10 2.5E-11 
h222 NA 1.4E-12 NA 
%+ld 2.4E+01 3.6E- 11 8.6E- 10 

NA 1.3E- 12 NA 
6.7E-02 1.3E-11 8.7E- 13 
3.6E-03 1.7E- 10 6.2E- 13 

~ p S n 3 6  1.6E-01 1.6E-11 2.6E- 12 
um+zA 3.7E+00 2.OE- 11 7.3E-11 

Tc99 
nL, 
%%+lOd 

NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 

9.6E- 10 - I ILCR Summation - 

I 

Risk Equation 

Table H-V.2- 106 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: Expanded Trespasser 
Via Incidental Ingestion while Wading 

= CSX EFX EDX FIX IRsw 

IRsw 
EFa Exposure frequency (adult) 
EDa Exposure duration (adult) 
FI Fractional intake for radionuclides 
cs 

Ingestion rate of surface water 

Concentration of radionuclides in surface water 

Ra?26+8d 1.5E-03 pW 
R"m P a  

P a  Tc99 
%xl 
%%+, 

S'90+ld l.lE+00 pcvl 

3.1E-03 p a  
1.7E-04 p a  

UnSa36 7.5E-(3 p a  
um+24i 1.7E-01 p a  

P a  
P a  

y o u t h m  

0.035 Vday 

12 Year 
52 days&= 

1 1 (Unitless) 
csv csv 

. .  i .  . , .  . a , > .  

... " 1  , ,  . , . .  _ .  . . 



Table H.V.2- 107 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: Expanded Trespasser 
Via External Radiation 

Ebposurc Equation - .  - [CRXEFXEDXEToX(l-SH,)] 

EFa 
EDa Exposure duration (adult) 
n, 
SHO Shield factor outdoors 
CR Radionuclide specific concentrations 

Fraction ofyear spent exposured (adult) 

Fraction of day spent outdoors (adult) 

3.8E-01 pWg 

1.2E-01 pWg 
25E-01 pWg 
6.5E-01 pWg 
3.2E-02 pWg 

2.8E+00 pWg 

NA PWg 

NA PW!3 

NA PWi3 
NA 

y o u l h %  

0.3 0.11 (unitless) 
12 32 Year 

0.08 0.04 (unitless) 
(uni tless) 

csv csv (see table below) 

NA P w 3  
NA P a 3  
NA P a 3  
NA P W  
NA P W  
NA P W 3  
NA PWL3 
NA PW.3 
NA P W  
NA P W g  

.adionuclides (year pCi/g) (unit less) 

1.6E-01 

5.1E-02 
1.1E-01 
2.8E-01 
1.4E-02 

1.2E+00 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.OE-06 
1.2E-09 

6.OE- l3 
5.4E- 11 
8.5E-06 
2.48-07 
5.1E-OB 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

9.9E-07 
NA 
NA 

6.4E- 14 
1.5E- 11 
1.2E-07 

6.1E-OB 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.2E-06 - [ILCR Summation - 



Table H.V.2-108 
Summary of risk Qumtitatim (chemiuls) 

Reference Rcceplor: Great Miami River User (Agricultural) 
Via Ingestion of Meat Produds 

IR 
FI 
E F  
ED0 
E D C  
BW 
ATc 
ATn 
CS 

CS X E F X  ED X FI X IR 
B W X A T  

Ingestion rate of mcat 
Fraction ingested from Eontamioated source 
Exposure frequency 
Exposure duration for non-carcinogens 
Exposure duration for carcinogens 
Body wcight 
Average time for carcinogens (lifetime) 
Average time for non-carcinogens (EDnx 365) 
Concentration of chcmicalr io meat 

CLcr iu l  Co.a.tr8tio.r 

Compound Concentration Units 

antimony 
a r d o r -  1254 
ardor-1260 
arsenic 

’ beryllium 
benzo(a)pyrclu 
cadmium 
1.2-dichlorocthr 
magnesium 
manganese 
mcrcury 
silver 
23,7,8-lcdd 
trichlorocthene 
uranium -total 

NA 

References 

me 

4.2E-10 
NA 
NA 

8.713-09 
9.4E-11 
1.m-11 

NA 
NA 

l.lE-03 
2.3E-07 
1.OE-06 

NA 
NA 
NA 

4.SE-10 
NA 

0.101 kdday 
0.75 (Unitless) 
350 dayrhar  

70 Year 
70 Year 
70 kg 

25550 dayr 
25550 days 

Compound Concentration Units 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

, 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 



Table H.V.2-108 (Wntinucd) 
Summary of Risk Quaotitatlon (chemicals) 

Rcfercocc Receptor: Great Miami River Uicr (Agricultural) 
Via Ingestion of Meat Products 

bmpound 
in t b o n y  

HQ Calculation 
CDI RfD HQ 

(mag-day)  [man-day) [unitless; 
4.4E-I3 4.OE-04 l.lE-09 

iroclor- 1254 
iroclor-1260 
irsenic 
Kryilium 
temo(a)pj?ene 
admium 
.,2-dLhloroelhane 
nagncsium 
nanganese 
neEury 
aver 
!3.7.8-t~dd 
rchlorcethene 
iranium-total 

ampound 
intimonv 

NA 
NA 

3.OE-04 
5.OE-03 

1.OE-03 

9.7E+00 
1.4E-01 
3.OE-04 
5.OE-03 

6.OE-03 
3.OE-03 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

ILCR Calculation 
CDI CSF ILCR 

[mfln-day) (mflR-day)-' (unitless1 
4.4E-l3 NA NA 

NA 
NA . 

3.OE-08 
19E-11 

NA 
NA 
NA 

l.lE-07 
1.7E-09 
3.5E-06 

NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.SE-10 

I 

I HQ Summation = 3.78-06 

iroclor-1254 
iroclor-1260 
arsenic 
beryilium 
bemo(a)pyrene 
xdmium 
1,2,-dichloroethane 
magaesium 
manganese 
meFcury 
iilver 

I ri: hloroe thene 
uranium-total 

23.7.8-tcdd 

7.7E+ 00 
7.7E+ 00 
1SE+00 
43E+00 
73E+00 

9.1E-02 
NA 

NA 
NA 
NA 
NA 

I.SE+OS 
l.lE-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

16E-11 
4.2E-l3 
8.4E-14 

I 

16E-11 I ILCR Summation = 



B 

D 

D 

isk Equation 

IR 
FI 
EF 
EDn 
Cf 

Table H.V.2-109 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: Great Miami River User (Agricultural) 
Via Ingestion of Meat Products 

CfX EFX EDn X FI X IR - - 

Ingestion rate of meat 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in meat 

9.2E- 10 

l.lE-06 
9.5E-04 
3.7E- 10 
2.5E- 12 
6.6E-09 
1.5E-07 

ERR 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.101 kg/day 
0.75 (Unitless) 
350 dayslyear 
70 Year 

NA pCig 
NA pCig 
NA pCi/kg 
NA pCig 
NA pCig 
NA p C i g  
NA p C i g  
NA pCig 
NA pCig 
NA pCig 

CDI CSF ILCR 
!adionuclides (pCi) (pci1-l (unitless) 

R%+ad 
3nm 
jrgO+ld 
b 9  
~ 2 3 0  
%2+ 1od 
J23sm 
J238+2d 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.7E-06 
NA 

2.lE-03 
1.8E+00 
6.8E-07 
4.7E-09 
1.2E- 05 
2.8E-04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.8E- 10 
1.4E- 12 
3.6E-11 
1.3E-12 
1.3E-11 
1.7E- 10 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.3E- 15 

7.4E- 14 
2.3E- 12 
8.9E- 18 
8.OE- 19 
2.OE- 16 
5.5E- 15 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.4E- 12 - [ ILCR Summation - 

..- 



IR 
FI 
EP 
EDn 
EDC 
BW 
ATc 
ATn 
cs 

P 

Table H.V.2-110 
Summary of risk Quantitatioo (chedula) 

Reference Receptor: G r u t  Miami River User (Agricultural) 
Via Inpxitiw of Dairy Products 

CS XEPX ED X FI X IR 
BW X AT 

Ingestion rate of dairy prodwts 
Fraction hgcsted from contaminated source 
Expolure frequcncy 
Expolurc duration for non-carcinogcm 
Exposure duration for carcinogens 
Body weight 
Avcragc timc for carcinogens (lifetime) 
Avcragc timc for non-carcinogens (EDn ~365)  
Concentration of chcmicals in animal productr 

CLci iu l  Comamtntiou 

Compound Concentration Units 

antimony 
ardor-1254 
ardor-1260 
arsenic 
beryilium 
benzo(a)pyrcnc 
cadmium 
1.2-dichlorocthanc 
magnesium 
manganese 
mercury 
silver 

trichlorocthcnc 
uranium-total 

z3.7.a-lcdd 

N A  

References 

5.1E-08 
N A  
N A  

3.1E-07 
1.OE-10 
4.2E-09 

N A  
N A  

I.OE+W 
2.4E-04 
2.2B-06 

N A  
N A  
N A  

6E-06 
N A  

0.4 Vday 
0.75 (Unitless) 
350 dayshear 
70 Year 
70 Year 
70 kg 

25550 days 
25550 days 

Compound Concentration 

NA N A  
N A  N A  
N A  N A  
NA N A  
N A  N A  
NA N A  
N A  N A  
NA NA 
NA N A  
NA NA 
NA N A  
NA NA 
NA N A  
NA N A  
NA N A  



Table H.V.2-1-10 (cmtinucd) 
Summary of Risk Quaotitation (chemicals) 

Reference Receptor: Great Miami River Uicr (Agricultural) 
Via Ingestion of Dairy Products 

Compound 
antimony 
aralor - 1254 
aralor-1260 
arseok 
beryllium 
benzo(a)pyrene 
cadmium 
1.2-dlhloroethane . 
magnesium 
maoganese 
mercury 
silver 
2,3,7,8-lcdd 
trihloroethene 
uranium-total 

HQ Calculation 
CDI RfD HQ 

[m&g-day) (m&g-day) (unitless 
2.1E-10 4.OE-04 WE-0; 

NA 
NA 

3.OE-04 
5.OE-03 

1.OE-03 
NA 

NA 
9.7E+00 
1.4E-01 
3.OE-04 
S.OE-03 

6.OE-03 
3.OE-03 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

43E-06 
8.3E- 11 

NA 
NA 
NA 

438-04 
7.1E-06 
3.OE-05 

NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.2E-06 

I HQ Summation = 4.7E-M 

ILCR Calculation 
1 CDI I ILCR 

NA 
iroclor-1254 h A  
iralor-1260 
irsenic 
xryllium 
xnzo(a)pyrene 
admium 
L,Z-dichloroethane 
nagnesium 
nanganese 
nercury 
iilver 
!3,7,8-t~dd 
rchloroethene 
rranium-total 

7.7E+00 
7.7E+00 
1SE+00 
43E+00 
73E+00 

9.1E - 02 
NA 

NA 
NA 
NA 
NA 

l.SE+OS 
1.1E-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA . 
NA 
NA 

NA 
NA 
NA 

23E-0! 
1BE-1: 
13E-11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 

2 . 4 ~ - m  I ILCR Summation = 



.isk Equation 

IR 
FI 
EF 
EDn 
CP 

Table H.V.2-111 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: Great Miami River User (Agricultural) 
Via Ingestion of Dairy Products 

= CpX EF X EDnX FI X IR 

Ingestion rate of dairy products 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in animal products 

2.OE-06 
NA 

6.7E-03 
1.3E+00 
3.7E-07 
25E-09 
2.48-05 
5.4E-04 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.4 Vday 
0.75 (Unitless) 
350 daysfyear 
70 Year 

NA p C i g  
NA p C i g  
NA p C i g  
NA p C i g  
NA p C i g  
NA p C i g  
NA p C i g  
NA p C i g  
NA p C i g  
NA p C i g  

CDI cs; ILCR 
Radionuclides (pCi) (pCi)- (unitless) 

R%6+8d 

%+ Id 
R n m  

Tc99 
~ 2 3 0  
%32+ 1M 
U235, 
U m + a  

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.5E-02 
NA 

4.9E+01 
9.8E+03 
2.7E-03 
1.9E-05 
1.7E-01 
3.9E+00 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.8E- 10 
1.4E- 12 
3.6E-11 
1.3E- 12 
1.3E- 11 
1.7E- 10 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.1E-11 

1.8E-09 
1.3E-08 
3.5E- 14 
3.2E- 15 
2.8E- 12 
7.9E- 11 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I I ILCR Summation - - 1.5E-08 



IR 
FI 
EF 
EDn 
EDC 
BW 
ATe 
ATn 
cs 

Table H.V.2-112 
Summary of risk Quantitatim (chemiub) 

Refercoce Receptor: Great Mimi  River User 
V u  Iogcstioa of Vegetables and Fmits 

CS XEF X ED X FI X IR 
BW XAT 

Ingestion rate of fruits or vegetables 
Fraction ingested from contaminated source 
Exporurc frequency 
Exposure duration for non-carchogem 
Enporure duration for caicinogens 
Body wight 
Average time for carcinogens (lifetime) 
Average time for non-carcinogens (EDnx365) 
Conccntration of chemicals in vegetables 

Cbcmkal Comamtntiou 

References 

. Compoud Concentration Units 

antimony 
ardor-1254 
ardor-1260 
arsenic 
beryllium 
knzo(a)pyrcm 
cadmium 
1.2-diehlorocth2 
magnesium 
manganese 
mercury 
silver 

triehlorocthenc 
uranium-total 

z3.7.a-lcdd 

NA 

inc 

4.2E-05 
NA 
NA 

4.3E-04 
9.2E-06 
3.5E-08 

NA 
NA 

2.1@+01 
5.6E-02 
4.OE-04 

NA 
NA 
NA 

2.2E-04 
ERR 

0.122 kglday 
0.5 (Unitless) 
350 dayshear 

70 Year 
70 Year 
70 kg 

25550 days 
25550 days 

C o m w u d  concentration Unita 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 



. 

Compound 
antimony 

Table H.V.2-1 lifcontinued) 

HQ Calculation 
CDI RfD HQ 

[mp/kg-day) (mdkg-day) [unitless 
3.58-08 4.OE-04 8.7E-05 

Summary of  Risk Quantihion (cbehcals) 
Referenee Receptor: Great Miami River User (Agricultural) 

Via Ingestion of Vegetables and Fruits 

kA 
NA 

3.6E-07 
768-09 
29E-11 

VA 
VA 

1EE-02 
4.7E-05 
3.4E-07 

NA 
NA 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

aroc~or-1254 
aroclor - 1260 
arsenic 
beryllium 
bemo(a)pyrene 
cadmium . 
1,2 - dkhloroe t hane 
magnesium 
manganese 
mercury 
silver 

trchloroethene 
23,7,8 -tcdd 

NA 
NA 

3.OE-04 
5.OE-OO 

1.OE-OO 

9.7E+00 
1.4E-01 
3.OE-04 
5.OE-03 

6.OE-03 
3.OE - 03 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

1.2E-02 
1.5E-06 

NA 
NA 
NA 

1EE-03 
3.48-04 
1.1E-CC 

NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.1E-05 

[ H a  Summation = 468-03 

ILCR Calculation 
I CDI I ILCR 

NA 

iroclor - 1260 
irsenk 
aryUium 
amo(a)pyrene 
:admiurn 
1.2-dichloroethane 
nagnesium 
nanganese 
nercury 
ilver 
!3.7.8-tcdd 
ric hloroe t hene 
iranium- total 

E-07 
E-09 
E-11 

E-02 
E-05 
E-07 

E-07 

7.7E+00 
7.7E+00 
1EE+00 
43E+00 
73E+00 

9.1E-02 
NA 

NA 
NA 
NA 
NA 

1.5E+O5 
1.1E - 02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 

6.2E-07 
3.3E-08 
2.1E-10 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 

[ILCR Summation = 6.6E - 07 

.. 

. .  . r r .  . 



Table H.V.2-113 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: Great Miami River User (Agricultural) 
Via Ingestion of Vegetables and Fruits 

risk Equation = CvX EFX EDn X FI X IR 

IR 
FI 
EF Exposure frequency 
EDn Exposure duration 
cv 

Ingestion rate of fruits or vegetables 
Fraction ingested from contaminated source 

Concentration of radionuclides in vegetables 

0.122 kg/day 
0.5 (Unitless 
350 dayslyeru 
70 Year 

3.6E-04 

3.7E-01 

6.OE-03 
4.1E-05 
3.2E-03 
7.3E-02 

ERR 
ERR 

ERR 

l.lE+Ol 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

ERR p C i g  
ERR p C i g  
ERR p C i g  
ERR p C i g  
ERR p C i g  
ERR p C i g  
ERR p C i g  
ERR p C i g  
ERR p C i g  
ERR p C i g  

CDI CSF ILCR 
ladionuclides (pCi) (pci1-l (unitless) 

R%+8d 

Sr90+ld 
R n m  

=c99 

~235, 
u238+2d 

'Ih232+ 1M 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.4E-01 

5.58+02 
1.7E+04 
9.OE+00 

4.8E+00 
l.lE+02 

NA 

6.2E-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.8E- 10 
1.4E- 12 
3.6E- 11 
1.3E- 12 
1.3E-11 
1.7E- 10 
1.6E- 11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.2E- 10 

2.OE-08 
2.2E-08 
1.2E- 10 
1.OE-11 
7.7E- 11 
2.28-09 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

. NA 
NA 
NA 
NA 
NA 
NA 

4.5E-08 - I ILCR Summation - 
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Table H.V.2-114 
Summary of risk Quantitation (chemicals) 

Refcratce Receptor: G r d  Miami River User (Residential) 
Via Drinking Water Ingestim 

Iitk Eputio. 

IR 
EP 
EDn 
EDC 
BW 
ATc 
ATn 
cs 

P CS X EP X ED X IR 
B W X A T  

Ingestion ratc of groundwater (RAGS 1989) 
Exporure frequency 
E!xporurc duration for non-carcinogem 
Exporurc duration for carcinogens 
Body weight 
Average time for carcinogens flifctime) 
Avcragc timc for non-carcinogens (EDnx365) 
Conccntration of chemicals in groundwater 

Ckcik.I  Comamtntion 

References 

Compound Concentration Units 

antimony 
ardor-1254 
ardor-1260 
arsenic 
beryllium 
knm(a)pyrcnc 
cadmium 
1.2 -dichloroctha 
magnesium 
manganese 
mercury 
silver 
23.7.8 -tcdd 
Irichloroethene 
uranium-total 

N A  

inc 

8.48B-06 
N A  
N A  

8.72E-OS 
1.87E - 06 
7.OBE-09 

N A  
NA 

4.21@+00 
1.lSE-02 
8.18E-OS 

N A  
N A  
N A  

4.47E-OS 
N A  

. .  

2 Vday 
350 d a p k a r  
70 Year 
70 Year 
70 kg 

25550 dayl 
25550 dayl 

C o m p o u d  Concentration Units 

NA NA m d l  
NA NA m d l  
NA NA m d l  
NA NA m d l  
NA NA m d l  
NA NA m d l  
NA NA mpn 
NA NA mdl  
NA NA mpn 
NA NA m d l  
NA NA m d l  
NA NA men 
NA NA m d l  
NA NA mpn 
NA NA mpn 



Table H.V.2-114 
Summary of Risk Quantitabon Ichcmicalsl 

k m p u n d  
10 t imon y 

HQ Calculation 
CDI RID HQ 

(mp/kg-day) [mp/kg-day) (unitless) 
2328-07 4.00E-04 581E-04 

iroc~or- 1254 
iroclor-1260 
irsenic 
myilium 
mzo(a)pyrene 
rdmium 
l,2-dichloroethane 
nagwium 
nanganese 
nercury 
ilver 
13.7.8-tcdd 
rchloroethene 
iranium -total 

9E-06 
2E-08 
4E-10 

5E-01 
SE-04 
4E-06 

2E-06 

NA 
NA 
3.00E-04 
S.OOE-m 

1.00E-& 

9.70E+00 
1.40E-01 
3.00E-04 
5.00E-03 

6.00E-03 
3.00E-03 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
7.968-03 
1.02E -05 

NA 

1.19E-02 
2.258-03 
7.47E-03 

NA . 

NA 

NA 

NA 
4.08E-04 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I HQ Summation = 3.06E-02 

Reference Receptor: Great Miami Rive; Uicr (Rchdential) 
Drinking Water Ingestion 

ILCR Calculation 
I CDI I CSF I ILCR 

Zoompound 
antimony 1232E-07 NA NA 

I Imdk.q-day)I [m&-day)-' I (unitless' 

4.40E-06 I ILCR Summation = 

aroc~or-1254 
ardor-1260 
arsenic 
beryllium 
bettzo(a)pyreae 
admiurn 
1.2-dichloroethane 
magaesium 
nanganese 
nercury 
iilver 
L3.7.8-kdd 
:rc hloroe t hene 
iranium-total 

7.70E+00 
7.70E+00 
1.75E+00 
430E+00 
730E+00 

9.10E-02 
NA 

NA 
NA 
NA 
NA 
1.5OE+05 
l.lOE-02 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

4.18E-06 
2.20E-07 
1.42E-09 

NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 



isk Equation 

IR 
EF 
EDn 
FI 
cw 

Table H.V.2-115 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: Great Miami River User (Residential) 
Via Ingestion of Drinking Water 

CWX EFX E D n  X FIX IR - - 

Ingestion rate of groundwater (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Fractional intake for radionuclides 
Concentration of radionuclides in groundwater 

7.4E-05 

7.48-02 

1.2E-03 
8.48-06 
6.68-04 
1JE-02 

NA 
NA 

NA 

2.2E+00 

p C i  
p C i  

PCJl 
p C i  
p C i  
p C i  
p c i i  
p c i i  
p C i  

PC$ 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2 vday 
350 daysbear 

1 (Unitless) 
70 Year 

(see table below) 

p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  

CDI CSP ILCR 
:adionuclides (pCi) (pci)-' [unitless) 

- .*4 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.6E+00 

3.6E+03 
l.lE+OS 
6.OE+01 

3.2E+01 
7.3E+02 

NA 

4.1E-01 

NA . 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I NA 

7.8E- 10 
1.4E- 12 
3.6E- 11 
1.3E- 12 
1.3E-11 
1.E- 10 
1.6E- 11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.8E-09 

1.3E-07 
1.4E-07 
7.8E- 10 
7.OE- 11 
5.2E- 10 
1.5E-08 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.9E-07 - I ILCR Summation - 



D A  
EF 
EDn 
E D C  
BW 
ATc 
ATn 
SA 

Dermal absorbed dose 
Exporurc frqucncy 
expOrure duntion for non-carcinogcm 
Exposure duntion for carcinogens 
Body weight 
Average time for carcinogens (lifctime) 
Average time for non-carcinogcns (EDnx365) 
Skin surfacearea available for contact 

DA X E P X  ED XSA 
B W X A T  

QV mg/cm2-day 
350 daplycar 

70 Year 
70 Year 
70 kg 

25550 dayc 
25550 dayr 
23000 cm2 

Compound DA Units 

antimony 
a r d o r -  1254 
a r d o r -  1260 
arsenic 
beryllium 
benzo(a)pyrenc 
cadmium 
1.2- dichloroetha 
magnesium 
manganese 
mercury 
silver 
23.1.8-lcdd 
trichloroethene 
uranium-total 

NA 

me 

212E-11 mglcm2-day 
NA mglcm2-day 
NA mglcm2-day 

2.18E-10 mglcm2-day 
(.@E-12 mglcm2-day 
2.00E-10 mg/cm2-day 

NA mglcm2-day 
NA mglcm2-day 

1.05E-OS mglcm2-day 
2.88E-08 mglcm2-day 
2.05E-10 mglcm2-day 

NA mglcm2-day 
NA mglcm2-day 
NA mglcm2-day 

1.1ZE-10 mglcm2-day 
NA mglcm2-day 

References 

Compound D A  Units 

NA NA mg/cm2-day 

NA NA mglcm2-day 
NA NA mglcm2-day 
NA NA mglcm2-day 
NA NA mglcm2-day 
NA NA mglcm2-day 
NA NA NA mglcm2-day mglcm2-day 
NA 
NA NA mglcm2-day 
NA NA mglcm2-day 
NA NA mglcm2-cIay 
NA NA mglcm2-day 
NA NA mglcm2-day 
NA NA mglcm2-day 

NA NA mgicm2-day 



Table H . V . 2 - 1 1 6 ' $ ~ f t i n u e d )  
Summary of Rib Quaititauon (chemicals) 

Reference Receptor: Great Miuni River User 

Compound 
antimony 

HQ Calculation 
CDI RfD HQ 

(m.&-day) (mrJLg-day) (unitless] 
6.68E-09 6.00E-05 1.llE-04 

a r d o r  -1254 
aroclor - 1260 
arsenic 
beryllium 
benzo(a)pyrene 
cadmium 
1,Z-dichloroethanc 
magnesium 
manganese 
merrury 
silver 
23.7.8-ledd 
trc hloroe t hene 
uranium - total 

NA 
NA 
285E-04 
5.00E-03 

5.00E-05 

4858-01 
4.20E-00 
4.50E-OS 

NA 

NA 

NA 
NA 
5888-03 
1.50E-04 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
2.41E -04 
29SE-07 

NA 

6.848-03 
2.168-03 
1.438-03 

NA 

NA 

NA 
NA 

NA 
23SE-04 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I HQ Summation = l.lOE-02 

rmal Contact while Bathing 
I ILCR Calculation 
I CDI I CSP I ILCR 

h n p o u n d  
1ntimony 16.688-09 NA NA 

I [m&g-dav)( (mflR-day)-' I (unitless' 

1roclor-1254 
iroclor- 1260 
irsenic 
xryllium 
xIPo(a)pyrene 
rdmium 
L.Z-dichloroethane 
nagnesium 
nanganese 
nerrury 
iilver 
!3.7.8 -add 
r i  hloroe t hene 
mnium- total 

E-08 
E-@ 
E-08 

E-03 
E-06 
E-08 

E-08 

1.03E+01 
1.03E+01 
184E+00 
430E+00 
NA 
NA 

NA 
NA 
NA 
NA 

1.01E-01 

3.00E+O5 
1.12E-02 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

1.278-07 
6.338-09 
NA 
NA 

NA 
NA 
NA 
NA . 

NA 

NA 
NA 

NA 
.NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

133E-07 I ILCR Sammation = 



e *. 

risk fination 

IR 
FI 
EF 
EDn 
EDc 
BW 
ATc 
ATn 
CS 

Table H.V.2-!17 
Summary of risk Quantitation (chemicals) 

Reference Receptor: Great Miami River Uaer (Recreational) 
Via Ingestion of  P i h  

Ingestion rate of B h  
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration for non-carcinogem 
Exposure duration for carcinogens 
Bodyweight 
Average time for carcinogens (lifetime) 
Average time for non-carcinogens (EDnx 365) 
Concentration of chemicals in meat 

CSX EFX ED X FI X IR 
BWXAT 

- - 

Chcmial  Conccntrationa 

References 

Compound Concentration 

antimony 
aroclor-1254 
aroclor-1260 
arsenic 
beryllium 
benzo(a)pyrene 
cadmium 
1,2-dichloroethaue 
magnesium 
manpnese 
mercury 
silver 
2.3,7,8-tedd 
trichloroettene 
uranium-total 

0 

8.58-06 
NA 
NA 

3.88-03 
3.68-05 
1.8E-04 

NA 
NA 

O.OE+OO 
O.OE+OO 
4.5E-01 

NA 
NA 
NA 

NA 
8.9E - 08 

Units 

0.054 kg/day 
1 (Unitless) 

122 daysbear 
30 Year 
30 Year 
70 kg 

25550 days 
10950 days 

CSV 

Compound Concentration Units ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 



Table H.V.2-117 (continued) 
Summary of Risk Quantitation (chemicals) 

Reference Receptor: Great Miami River User (Recreational) 
Via Ingestion of Fish 

- 

HQ Calculation 
CDI RfD HQ 

Compound (mp/kg-day) (mpjkn-day’) (unitless) 
antimony 2.2E-09 4.OE-04 5.58-06 
aroclor- 1254 F A  
aroclor- 1260 
arsenic 
beryllium 
benzo(a)pyrene 
cadmium 
1,2 - dichloroet hane 
magnesium 
manganese 
mercury 
silver 

trichloroet hene 
2,3,7,8-tcdd 

NA 
9.9E-07 
9.2E-09 
4.68-08 

NA 
NA 
NA 
NA 

NA 
NA 

1.2E-04 

NA 
1 uranium-total 

NA 
NA 

3.OE-04 
5.OE-03 

NA 

NA 
1.OE-03 

9.7E+00 
1.4E -0 1 
3.OE-04 
5.OE-03 

6.OE-03 
3.OE-03 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

3.3E-03 
1.8E-06 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.9E-01 

7.7E-09 

intimony 
iroclor- 1254 
iroclor- 1260 
irsenic 
)eryUium 
)enzo(a)pyrene 
:admiurn 
1,2- dichloroethane 
nagnesium 
nanganese 
nercury 
,ilver 

richloroethene 
iranium - total 

!,3,7,8 - tcdd 

ILCR Calculation 
CDI CSF ILCR 

:ompound (man-day’)  (mpjkg-day) (unitless) 
9.4E-10 NA NA 

7.7E+00 
7.7E+00 
1.8E+00 
4.3E+00 
7.3E+00 

9.1E-02 
NA 

NA 
NA 
NA 
NA 

1.5E+O5 
1.1E -02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

7.4E-07 
1.7E-08 
1.5E-07 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1 H Q  Summation = 3.9E-01 I I ILCR Summation = 9.OE-07 
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'Table H.V.2-118; 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: Great Miami River User (Recreational) 
Via Ingestion of Fish 

c f X  EFXEDn XFI X IR - risk Equation - 

IR Ingestion rate of meat 
FI 
EF Exposure frequency 
EDn Exposure duration 
cf 

Fraction ingested from contaminated source 

Concentration of radionuclides in meat 

R%2b+8d 

sr90+1d 
b 2 2 2  

Tc99 
m230 
m232+10d 
%35lZ36 
%38+2d 

3.E-06 

2E-03 
3.3E - 02 
3.E-05 
2.92-07 
1.3E-06 
3.OE-05 

NA 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.054 kglday 
1 (Unitless) 

122 daysfyear 
30 Year 

CDI CSF ILCR 
ladionuclides (pCi) (pCi)-' (unitless) 

I 

R%+8d 
b 2 z  

rc99 
n230 
fi232+10d 

%o+id 

'23Y236 
'238+2d 

1.8E-07 

2E-04 
1.9E-01 
73E-08 
5.OE- 10 
1.3E-06 

, 2.9E-05 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.8E- 10 
1.4E- 12 
3.6E-11 
13E- 12 
1.3E-11 
1.7E- 10 
1.6E- 11 
2.0E- 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.4E- 16 

7.9E- 15 
24E- 13 
9.5E- 19 
8.5E-20 
21E-17 
5.9E- 16 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

25E- 13 - I ILCR Summation - 



1R:w 
EF 
EDn 
E D C  
BW 
ATc 
ATn 
cs 

Table H.V.2-!19 
Summaryof risk Qumtitatim (cbcmiuls) 

Referame Rcceptor: Great Miami River User (RccrutiooaI) 
Via Incidental Lngestion While W d i i g  

Ingcrtion rate of surtace water 
Expolure frequency 
Expolure duration for non-carcinogens 
Expolure duration for carcinogens 
Body weight 
Avcrage time for carcinogens (lifetime) 
Average time for non-carcinogcns (EDn x365) 
Concentration of chemicals in surface water 

CS X E F X  ED X IR 
BW X AT 

Cbemkal Comecntntion 

Compound D A  Units 

antimony 

a r d o r -  1260 
aracnic 
beryllium 
benm(a)pyrew 
cadmium 
1.2-dichloroethane 
magnesium 
mangancrc 
mercury 
:aver 
2.3.7.8-lcdd 
trichloroethcnc 
uranium-total 

a r d o r -  1254 

N A  

8.488-06 
N A  
N A  

8.728-05 
1.87E -06 
7.088-09 

N A  
N A  

4.218+00 
l.15E-02 
8.18E-OS 

N A  
N A  
N A  

4.478-05 
N A  

mglcm2-d 
mglcm2-d 
mglcm2-d 
mglcm2-d 
mglcm2-d 
mgtcm2-d 
mglcm2-d 
mglcm2-d 
mgtcm2-d 
mglcm2-d 
mglcm2 - d 
mglcm2 - d 
mgtem2-d 
mglcm2-d 
mglcm2-d 
mglcm2-d 

0.035 Vday 

30 Year 
30 Year 
70 kg 

10950 d a p  
I0950 days 

7 d a p k a r  

Compound D A  Unih 

N A  N A  mglcm2-d 
N A  N A  mglcm2-d 
N A  N A  mglcm2-d 
N A  N A  mglcm2-d 
N A  N A  mglcm2-d 
NA N A  mg/cm2-d 
NA N A  mglcm2-d 
NA N A  mglcm2-d 
NA N A  mglcm2-d 
NA N A  mglcm2-d 
NA N A  mglcm2-d 
NA NA mglcm2-d 
NA N A  mglcm2-d 
NA N A  mgIcm2-d 
NA N A  mglcm2-d 



Table H.V.2-119 (continued) 

Compound 
antimonv 

Summary of Risk Quantikion (ch~mieals) 

lcntal Ingestion While Wadinn 
HQ Calculation . 

CDI RfD HQ 
(mn/kg-day) [mnkn-dav) [unitless 
8.13E-11 4.00E-04 2.03E-07 

Sompound 

aroc1or-1~4 
aralor-1260 
arsenk 
beryllium 
bemo(a)ppne 
cadmium 
1.2-dichloroethane 
magnesium 
manpnese 
rnerrury 
rilver 
23.7.8-ledd 
trkhloroetbene 
uranium-total 

ILCR Calculation 
CDI CSF ILCR 

Imn/kg-day) (ma/Ln-day)-' [unitless' 

NA 
NA 
3.00E-04 
5.00E-lB 

1.00E-03 

9.70E+00 
5.00E-03 
3.00E-04 
%WE-03 

6.00E-03 
3.00E-03 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
2.798-06 
3.59E-OS 
. ERR 

NA 
NA 
4.16E - 06 
2.21E-05 
261E-06 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.43E -07 

I 

LHQ Summation = ERR 

1 nt b o n y  I8.13E-11 
iralor- 1254 
iroc1or'- 1260 
irsenic 
wryllium 
=mo(a)Wene 
idmium 
I,l-dichloroethane 
nagnesium 
nanganese 
nercury 
,Aver 
!3,7,8-&dd 
rchlorcethene 
iranium-total 

NA 
7.70E+00 
7.70E+00 
1.75E+00 
430E+00 
730E+ 00 

9.10E-02 
NA 

NA 
NA 
NA 
NA 
1.50E+05 
1.1OE-02 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
1.46E-09 
7.71E-11 
496E-13 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 



Table H.V.2-120' 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: Great Miami River User (Recreational) 
Via Incidental Ingestion while Wading 

-isk Equation 

IRsw 
EF 
EDn 
FI 
cs 

O X  EFXED XFIXIR 

Ingestion rate of surface. water 
Exposure frequency 
Exposure duration for non-carcinogens 
Fractional intake for radionuclides 
Concentration of radionuclides in surface. water 

7.378-05 

7.438-02 

1.23E-03 
8.44E-06 
6.61E-04 
1.49E-M 

NA 

2.238+00 

NA 
NA 

p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
p c i i  
p C i  
p c i i  

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.035 Vday 

30 Year 
7 dayslyear 

1 (Unitless) 

NA p C i  
NA p C i  
NA pC? NA p C i  
NA pC? NA p C i  
NA p C i  
NA p C i  
NA p C i  
NA p C i  

CDI CSP ILCR 
.adionuclides (pCi) (pci)-' (unitless) 

*%+ad 
*nzp 

%9 

b?32+ 1M 
Jmm 
Jm+u 

"90+ld 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.428- 04 

5.46E-01 

9.048-03 
6.20E-05 
4.86E-03 
l.lOE-01 

NA 

1.64E+01 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.80E- 10 
1.40E- 12 
3.60E- 11 
1.30E- 12 
1.30E- 11 
1.70E- 10 
1.60E- 11 
2.00E- 11 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.238- 13 

1.97E-11 
2.13E- 11 
1.18E- 13 
1.OSE- 14 
7.77E- 14 
2.19E- 12 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.38E- 11 - I ILCR Summation - 



DA 
EP 
EDn 
EDC 
BW 
ATc 
ATn 
SA 

~ ~ ~~ ~~~ ~~ ~~ 

Table H.V.2-121 
Summary of risk Quaotitatioo (chemicals) 

Rcfcrcocc Receptor: Great Miami River User (Recreational) 
Via Dermal Cootact while W8ding 

DAX EP X ED X SA 
BW X AT 

Dermal absorbed dose 
Exposure frequency 
Exposure duration fornon-cardnogens 
Exposure duration for carcinogens 
Body weight 
Average time fcr carcinogens (lifetime) 
Average time fcr non-carcinogens (EDn x 365) 
Skin surface area amilable for contact 

References 

Canpound DA Units 

antimony 
~0c10r-1254 
armlor-1260 
&C 

beryllium 
b==xa)pyrene 
cadmium 
12-dichloroethane 
magnesium 
manganese 
mertury 
silver 
23.18 -kdd 
b ido roe thme  
uranium-total 

NA 

2.12E-11 mglcm2-day 
NA mglcm2-day 
NA mglcm2-day 

2.18E-10 mglcm2-day 
4.68E-12 mglcm2-day 
2.00E-10 mglcm2-day 

NA mglcm2-day 
NA mglcm2-day 

1.05E-05 mglcm2-day 
2.888-08 mglcm2-day 
2.OSE-10 mglcm2-day 

NA mglcm2-day 
NA mg/cm2-day 
NA mglcm2-day 

1.12E-10 mg/cm2-day 
NA m@m2-day 

csv mglcm2-day 
1 daydyear 
30 Y w  
30 Year 

25550 days 
25550 days 
23000 cm2 

70 ka 

Ccmpound DA units 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA mglcm2-day 
NA mglcm2-day 
NA mg/cm2-day 
NA mg/cm2-day 
NA mg/cm2-day 
NA mglcm2-day 
NA mglcm2-day 
NA mglcm2-day 
NA mg/cm2-day 
NA mg/cm2-day 
NA mg/cm2-day 
NA mg/cm2-day 
NA mg/cm2-day 
NA mg/cm2-day 
NA mg/cm2-day 



Reference Rccepior: Great Miami Rivcr'Uscr (Rcckational) 

Impound 
intimonv 

HQ Calculation 
CDI RID HQ 

[mp/kR-day) [mR/LR-day) (UnitkSSj 
1.25E-09 6.00E-05 2.OBE-05 

iroclor-1254 hA 
iroclor-1260 
irsenk 
xryllium 
wazo(a)menc 
admium 
i,2-dichloroethane 
nagwium 
nanpnese 
neuury 
,aver 
!3,7,8-tedd 
r c  hloroetbene 
iranium-total 

NA 
NA 
285E-04 
5.00E-(13 

5.00E-05 

485E-01 
4.20E-(13 
4.50E -05 

NA 

NA 

NA 
NA 
588E-03 
1.50E-04 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
4.50E-OS 
5.SOE-OB 

NA 

1.2BE-03 
4.00E-04 
267E-04 

NA 

NA 

NA 
NA 

NA 
438E-OS 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 
I HQ Summation = 2.CUE-03 

: m a l  Contact while Bathing 
I ILCR Calculation 
1 CDI I ILCR 

iroclor- 1260 1.03E+01 NA 
irsenic 
wryllium .18E-10 430E+00 5.07E-1( 
wnzo(a)pyreoe S2E-09 NA NA 
:admiurn 
1.2-dkhloroethane 1.01E-01 NA 
nagoesium 
nanpnese 
nercury 
,aver 
!3.7.8 - tcdd 3.00E+05 NA 
rcbloroethene 1.12E-02 NA 
iranium-total 2E-09 NA NA 
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H.VI QUANTITATIVE UNCERTAINTY ANALYSIS OF EXPOSURE PARAMETERS AND 
THE IMPACT ON PRELIMINARY REMEDIATION GOALS (PRGs) 

All environmental assessment models are inherently uncertain. Detailed models are usually limited 
due to the lack of data for model parameters. Simpler models require less information but are 
restricted by reducing complex systems to a few equations. Errors in model prediction therefore 
arise from several sources. These sources are categorized as improper parameter estimation 
(parameter bias), improper model formulation (model bias), and stochastic effects due to random 
measurement and sampling errors or random variability. As a result of these uncertainties the real 
phenomena referred to as compounded conservativism is often encountered. Compounded 
conservativism is described in a paper by Kenneth T. Bogen as the impact of using conservative, 
upper bound estimates of the values of multiple input variables in order to obtain a conservative 
estimate of risk. Bogen goes on to indicate that the amount of compounded conservativism depends 
on the number of inputs, their relative uncertainties, covariance, and the upper p-fractile value. In 
one case, for independent lognormally distributed parameters, the overestimation factor, when using 
the 95 percentile inputs, was found to be 5, 99.7, and 506,000 for the number of inputs of 2, 4, and 
10 respectively (Bogen, 1994). What these results illustrate is that the amount of overestimation is 
related to the p-fractile used and the number of inputs at that p-fractile. Another study, which 
evaluated different measures of compounded conservativism, found that although there is unevenness 
in the relationship between the number of inputs and the corresponding overestimation factor there is 
behavior common to both (Cullen 1994). An additional finding was that the point estimates of risk 
using the 95 percentiles for the parameter inputs consistently fell above the 95 percentile of the 
simulated distribution. The results of these quantitative uncertainty analyses show that the 
incompleteness of knowledge about risk exposure are completely captured in a probabilistic 
assessment and there is no ”uncertainty of uncertainty.” 

This section presents the assumptions, methodology, and results of the quantitative uncertainty 
analysis related to the PRG development based on risk assessment for the Operable Unit 5 Feasibility 
Study (FS). The objective of the uncertainty analysis associated with risk assessment is to clearly 
describe the uncertainties related to the process of estimating risks from exposures to environmental 
contaminants. It is important to recall that there are four distinct parts of a risk assessment. These 
are broadly characterized as the Source Term, Fate and Transport, Exposure Assessment, and the 
Toxicity Assessment. These four parts are combined to represent the risk associated with potential 
exposures to an individual from contaminants in the environment. 

This attachment only addresses the uncertainties associated with exposure assessment parameters. 
This attachment is divided into five sections: 1) the introduction which discusses the overall 
considerations associated with propagation of error and uncertainty, 2) the approach and methodology 
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used for this uncertainty evaluation including the results of a sensitivity analysis , 3) the basic 
assumptions made for each exposure parameter, 4) the results of the uncertainty analysis, and 5) the 
conclusions and interpretations of the results. 

H.VI.l INTRODUCTION 
The purpose of the quantitative uncertainty analysis is to present risk managers with additional 
information to base the risk management decisions upon. By presenting the PRGs as distributions and 
point estimates, the risk manager is provided information which describes the certainty with which the 
PRG is protective at the selected risk level. This is accomplished by establishing a comparability 
between the risk ranges, the probability distribution, and associated cleanup levels (often referred to 
as PRGs). The parameters used in constructing the point estimates are generally near the upper end 
of the distribution and therefore will tend to result in estimates that are at or above the 95”’ percentile 
(Bogen 1994 and Smith 1994). The ideal situation, for decision making purposes, is to have 
comparative point estimates that fall within the median and the 70 percentile or 90 percentile of any 
given distribution. A comparison of the PRGs calculated as a point estimate, at the 95 percentile or 
above, and the median provides an indication of the potential range of cleanup levels. 

Assessment of the risk due to releases to the environment requires the use of mathematical models 
that can describe the transport and exposure of contaminants to humans (receptors). These models 
use values that quantify the relationships between considered media, including air, land, food, human 
tissues, and other model parameters. The results of the risk assessment are used by risk managers to 
assist in making decisions concerning the acceptability of risks under various scenarios. 

This section summarizes the quantitative analysis of uncertainty associated with the overall risk model 
used to develop PRGs based only on bias in the exposure parameters. In this limited study no attempt 
was made to separate variability from uncertainty in the analysis of the exposure parameters. There 
is sufficient information concerning the exposure parameters to perform a stochastic or probabilistic 
evaluation. The limitations with this approach are briefly addressed in Section H.VI.5. The overall 
uncertainty associated with the estimation of risk for this CRARE has been presented and discussed in 
previous sections. This sections attempts to describe quantitatively the impact of the uncertainty, 
related to exposure parameters, on the development of preliminary remediation goals (PRGs, see 
Section 2 of the FS). The details of this analysis including the assumptions, methodology, and results 
are provided in Section H.5. This section presents a summary of the major findings and the critical 
results on the PRGs. 
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H.VI.2 APPROACH AND METHODOLOGY 
The approach used for this evaluation is a straight forward and standard method that has been applied 
in numerous cases of modeling and risk assessments (reference 1). The overall approach uses what is 
referred to as Monte Carlo Simulation as the basis for developing the distributions of the probability 
curves. Monte Carlo analysis is simply described as a random sampling process given a known (or 
assumed) probability distribution. Using this technique and many random simulations cumulative 
probability distributions, can be developed based on any number of parameters. 

Scenarios investigated for this quantitative evaluation of uncertainty include the resident farmer, the 
industrial worker (groundskeeper), and a developed park user. The overall approach to the 
quantitative uncertainty analysis will address only the exposure assessment portion of the overall risk 
characterization. The overall risk estimate is based on four specific stages of the analysis which are 
linear multipliers. These four stages are: (1) source term development, (2) nature and extent of 
contamination, (3) exposure assessment, and (4) the toxicity assessment. The exposure assessment 
portion, addressed here only deals with those exposure factors related to exposure duration and 
frequency or standard human physiology, but does not include factors related to physiological 
parameters associated with uptake and bioavailability. 

The reason for limiting this study to the exposure portion of PRG development is that many of the 
exposure parameters have sufficient data to characterize the shape and distribution for the parameter. 
Many of these parameters have "standard" distributions developed by other independent organizations 
such as the American Industrial Health Council. The majority of the standard distributions used in 
this study are unlikely to be significantly influenced by site-specific conditions. 

Some exposure factors do not have standard or "known" distributions. These factors are still 
candidates for the uncertainty analysis. Monte Carlo analysis can be performed where factors can 
only be specified in terms of relative data such as minimum and maximum values, or minimum, 
maximum and most likely values. The point estimates selected for these parameters were based on 
assumptions concerning the most conservative park users. The distributional parameters are also 
based on assumptions concerning park usage. However, the entire range of possibilities (minimum 
and maximum) expected is used as the input. 

The methodology involves seven stages for the analysis: 

Construction of conceptual models 

Building the mathematical models 

FER\OUSFSVARHW.NNovcmkrlZ.  1994 6Slpm H-VI-3 

1 

2 

3 

4 

J 

6 

7 

8 

9 

IO 

I 1  - .-. ;,, 
12 

13 

I4 ..';," 

15 

16 - 

17 

i8 

19 

20 

21 

22 

"3 

+ *> 

24 4 -r?' - *. 
25-- 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

31 

38 



FEMP-OSFS-4 DRAFT 
November 14, 1994 

Specification of model parameters and their uncertainty 

Model testing and verification 

Conduct systematic sensitivity analysis 

Perform stochastic modeling using common tools such as Monte Carlo or Latin 
Hypercube Sampling techniques 

Interpretation and presentation of the findings 

Each of these stages requires a thorough understanding of the physical situation being modeled and 
the decisions that are to be made. A quantitative uncertainty analysis is not intended to provide a 
different answer, but a more complete answer. 

Many of these steps were completed in the development of the point estimate PRGs as described in 
the Risk Assessment Work Plan Addendum (RAWPA)@OE 1992a). The construction of the 
conceptual models, building of the mathematical models, specification of model parameters, model 
testing and verification, and the interpretation and presentation of the point estimate PRGs are 
presented in the Appendix C of this FS and the RAWPA. 

A stochastic model can require considerable resources and modeling time to put together adequate 
probability density functions and modeled distributions. The uncertainty models developed initially 
will be limited to focus the study on the pathways and contaminants which present the greatest 
concern and thus must be modeled more appropriately to provide the risk manager with essential 
information to base decisions. The actual model parameters which will be selected. for quantitative 
uncertainty analysis will be determined through a model sensitivity study. 

The sensitivity analysis was conducted as a part of this study. Only the exposure portion of the 
models for developing PRGs was assessed. The sensitivity analysis assesses the influence of the input 
parameters on the outcome of the exposure assessment. The sensitivity analysis identifies those 
parameters which can greatly impact the results of the PRG development. Greater emphasis is placed 
on developing the probability distributions for these parameters. The results of the sensitivity analysis 
identify the parameters which will be discussed in detail due to their importance on influencing the 
results of PRG development. 

The parameters which are selected based on the results of the sensitivity analysis will be researched 
through literature to determine the b q t  estimate, range and distribution to assess probability density 
functions (PDFs). These PDFs will be input to the exposure assessment model using spreadsheets 
and commercially available software to perform Monte Carlo sampling. Modeled output distributions 
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will be developed to assess the potential distribution of exposures and associated risks and remedial 
guidelines. 

Other sources of uncertainty will be qualitatively addressed to present a complete discussion on the 
uncertainty and the potential sources of uncertainty. These other areas include the source term 
development, transport models, and dose-response. These areas will be presented without quantitative 
support. 

H.VI.2.1 Sensitivitv Analvsis Results 
Distributions for the exposure related input variables were developed, excluding the food pathway. 
The intake consumption rates for the food pathway were considered to be reasonable and subject to 
site specific variation. The sensitivity analysis was performed by selecting the preliminary 
distributions and using the computer program CRYSTALBALL. Following 1,000 simulations using a 
Monte Carlo sampling technique the program determined the rank correlation coefficient between the 
output (PRG) and the input parameter. A rank correlation coefficient of greater than 0.5 was 
considered significant and is developed further. This was done for uranium, arsenic, beryllium and 
PCBs (Aroclor-1254) for PRGs based on both cancer risk and hazard index. 

This process is repeated for each of the three scenarios. The results of the sensitivity analysis are 
summarized in the tables below. Table H.VI-1 presents the parameters which are signiticantly 
correlated to a change in the PRG based on a change in the input, for the Farmer Scenario. Table 
H.VI-2 presents the results for the Industrial Scenario. Table H.VI-3 presents the sensitivity results 
for the Developed Park Recreational Scenario. 

' 
TABLE H.W-1 

THE RESIDENT FARMER 

Parameter 

Uranium-238 Arsenic Aroclor 

Cancer Risk HI Cancer Risk HI Cancer Risk HI 

Exposure Duration X X X 

Body Weight X X 

F E R \ O U S F S U A R H W V I . N E w ~ r l Z .  1994 6Slpm H-VI-5 
. - . . . .  . . 

, ., . .  . 
I,&. . , , . . .  . . 

i 

2 

3 

4 

5 

6 

7 

8 

9 

10 

I I  

12 

13 

14 

15 

16 

17 

18 

19 

3J 

21 

7-7- 

3 

'A 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 



FEMP-OSFS-4 DRAFT 
November 14, 1994 

TABLE H.W-2 

THE INDU!SI'RIAL SCENARIO (GROUNDSKEEPER) 

Parameter 

Uranium-238 Arsenic Aroclor 

Risk HI Risk HI Risk HI 

Exposure Duration X 
Soil Ingestion Rate (Adult) 

Soil Adherence Factor 

X X 
X X 

X X 

THE 
TABLE H.W-3 

RECREATIONAL SCENARIO (DEVELOPED PARK) 

Parameter 

Uranium-238 Arsenic Aroclor 

Risk HI Risk HI Risk HI 

Exposure Duration X 
Soil Ingestion Rate (Adult) 

Soil Adherence Factor 

X X 
X 

X 

H.VI.3 EXPOSURE PARAMETER ASSUMPTIONS 
The parameters presented in Section V.2.1 are those which have the greatest impact on the results of 
the PRG development. These parameters are defined better through a literature search to determine 
the best possible probability distribution for these variables. This section presents a summary of the 
distribution and the source of the data for each of the significant parameters. 

Exoosure Duration 
The exposure duration will vary based on the scenario. The resident farmer is more likely than other 
residential scenario settings to remain in a single dwelling/location longer. 

Previous FEMP risk assessments have assumed that a residential exposure duration is 70 years based 
on the guidance in the RAWPA. This value is extremely conservative for most scenarios and at the 
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high end of the duration range for the farmer. Data from the U.S. Department of Commerce, Bureau 
of Census (1988 and 1989) indicate that the average time since moving into the current residence is 
10.6 years. The total residence time and the current residence time do not share the same 
distribution. However, methods have been recently developed to simulate total residence time based 

on available data. The average total residence time is for all U.S. households was 4.67 years. Only 
about 5 percent of all households were expected to stay in the same residence greater than 23 years; 
while half of all households were expected to stay in the same residence for less than 1.5 years. An 
insignificant fraction were expected to stay at the same residence for an entire lifetime. 

A summary of data assembled by Israeli and Nelson (1992) is presented in Table H.VI-4 for the 
farmer and rural residential scenarios. 

TABLE H.VI-4 
SELECTED DISTRIBUTION PERCENTILES OF RESIDENTIAL OCCUPANCY 

PERIOD BY RESIDENCE TYPE 

Percentile (yr) 

D Residence Type 5th loth 25th 50th 75th 90th 95th 99th 

Rural 0.24 0.48 1.2 3.3 9.1 21.7 32.3 62.4 
(Residential) 

Resident Farmer 0.48 0.96 2.4 10.0 26.7 48.3 58.4 67.7 
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The industrial scenario uses the distributions for occupational durations from the U.S. Bureau of i 

2 

3 

Labor Statistics (U.S. DOL i992). This data is presented in Table H.VI-5. 

TABLE H.W-5 4 

DISTRIBUTION PERCENTILES FOR TIME IN OCCUPATION 5 

6 

Percentile Years since last iob 7 

5th 

10th 

25th 

50th 

75th 

90th 

95th 

100th (maximum) 

1 .o 
1 .o 
1 .o 
3.8 

11.0 

19.0 

29.0 

30 

Based on data from the U.S. Bureau of Labor Statistics 

Bodv Weight 
The RAWPA recommends the use of 70 kg as the body weight of an adult. This value is a 
reasonable value to use in risk assessments. The 70 kg values is about the average of the mean 50th 
percentile value for both men and women across the age spectrum from 18 to 75 years of age. The 
Exposure Factor handbook (AIHC 1994) presents a distribution of body weight for both men and 
women as normal distributed about a mean of 72 kg with a standard deviation of 15.9 kg. This 
distribution was used in all PRG calculations for adults. 

Soil Ineestion Rate 
The RAWPA recommends a soil ingestion rate of 100 mg/day. This value is the highest default value 
listed in the 1989 U.S. EPA Exposure Factor Handbook. At the time that this recommendation was 
made there were no quantitative measurements of soil ingestion in adults ( U . S .  EPA Exposure Factor 
Handbook, pp. 2-57). A pilot study has been conducted in adults using a mass balance soil tracer 
approach. Results of this study are discussed in the Source Book (AIHC 1994, pp. 6.1) 
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A conclusion of an evaluation of the detection limits in the soil study was that none of the tracers 
used in the study demonstrated adequate detection limits for assessing soil ingestion in adults. 

The AIHC has attempted to provide some estimate of soil ingestion in adults. A simulated 
distribution was prepared using the zirconium data which is the most reliable tracer. This distribution 
indicates that the 100 mg/day is near the 80th percentile of the distribution. The median adult soil 
ingestion rate from this distribution is much less than 1 mg/day. 

Table H.VI4 represents the custom distribution used for this assessment as presented in the Source 
Book, pp 6.2 (AIHC 1994). 

TABLE H.VI-6. 

SOIL INGESTION RATE FOR ADULTS 

Min Max 17% 33 95 50% 67 % 83 % 100% 

0 216 0 0 0 17 148 216 

B 
This data as used would indicate that the point estimate is not conservative at the high end of the risk. 
The 90th percentile is greater than 100 mg/day. 

The soil ingestion rate for children is different than that of adults. The RAWPA and the U.S. EPA 
have recommended the use of 200 mg/day as the soil ingestion rate for children. The results of the 
latest studies on soil ingestion rates of children are summarized by Finley et al (1994). 

The simulated distribution of child soil ingestion based on the zirconium tracer are presented in the 
Source Book, pp 6.5. This data was used as the distribution of the child soil ingestion rate and is 
presented in Table H.VI-7. 

TABLE H.VI-7 

SOIL INGESTION RATE IN CHILDREN 

Min Max 5% 10% 50 % 90 % 95 % 

B 0 
~~ 

1391 0 0 16 67 110 
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Soil Adherence Factor 
The chemical uptake of via dermal contact with contaminated soils can be a primary exposure 
pathway. This occurs as a result of activities such as gardening, construction and some recreational 
activities. There are many areas of potential uncertainty when it comes to assessing the dermal 
exposure pathway. A review of applicable studies and a recommended distribution for this factor is 
presented in "Development of a Standard Soil-to-Skin Adherence Probability Density Function for 
Use in Monte Carlo Analyses of Dermal Exposure" (Finley et al 1994). 

The soil adherence factor is not likely to be significantly influenced by site specific conditions. The 
soil adherence factor was developed from studies based on soil adherence to hands and is likely to 
overestimate the adherence to other areas of the body (Finley et al 1994). This is due in part due to 
the skin on the hands containing more grooves and less hair than the arms. Also hands are more 
likely to come into direct contact with soil than other areas of the body. For these reasons the 
parameter distribution selected for the soil adherence is considered to be conservative. 

The distribution used to represent the range of soil adherence is lognormally distributed with an 
arithmetic mean of 0.52 mg-soil/cm2-skin and a standard deviation of 0.9 mg-soil/cm2-skin. The 95th 
percentile of this distribution is then 1.7 mg-soil/cm2-skin. This high end value is greater than the 
high end value selected for the point estimate calculation. 

H.VI.4 RESULTS OF UNCERTAINTY ANALYSIS 
The results of the Monte Carlo analysis will yield PRGs based on 
(ILCR) and a toxicity value based on a Hazard Index of 0.2. The limiting factor for some scenarios 
was the risk based PRG while for others it was the toxicity or the HI. The uncertainty analysis, using 
the Monte Carlo technique presents the PRGs as a range across the entire distribution of potential 
outcomes. 

incremental lifetime cancer risk 

The PRG represents the soil concentration level which will result in the stated cancer risk or HI from 
the scenario. These results are based on input variables that were sampled 2,500 times each and the 
PRG was calculated 2,500 times. The results are then evaluated by Crystalball to present the possible 
range of outcomes in &he form of a probability distribution. The range may vary by several orders of 
magnitude. However each of these values represents the risk or toxicity at the stated level. 

H.VI.4.1 Results for the Farmer Scenario 
The calculated PRGs using the Monte Carlo analysis resulted in PRGs which varied over several 
orders of magnitude. This was expected due to the use of input variables which varied over a couple 
of orders of magnitude in some cases. The distribution of results of the farmer scenario are shown in 
Tabla H.VI-8 through H.VI-12. 
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TABLE H.W-8 1 

FOR THE RESIDENT FARMER 3 

FORECAST OF URANIUM-238 SOIL PRG BASED ON A 1O4 CANCER RISK 2 

4 

Percentile PRG-(pC i /g) 5 

0% 
2.5% 
5% 
10% 
25 % 
50 % 
75 % 
90 % 
95 % 
97.5% 

2.6 x lo0 
6.4 x 100 
1.0 x 10' 
1.8 x 10' 
4.2 x 10' 
8.1 x 10' 
1.2 x loz 
1.8 x l o z  
3.4 x 102 
6.5 x 102 

6 

7 

8 

9 

'4 

15 

16 

TABLE H.W-9 

FORECAST OF TOTAL URANIUM SOIL PRG BASED ON AN HQ OF 0.2 
FOR THE ON-PROPERTY RESIDENT FARMER 

21 

27 

Percentile PRG (mg/kg) 
0% 1.2 x 10' 
2.5% 2.7 x 10' 
5% 3.1 x 10' 
10% 3.4 x loL 
25 % 4.1 x 10' 
50 % 4.9 x 10' 
75 % 5.8 x 10' 
90 % 6.7 x 10' 
95 % 7.3 x 10' 
97.5% 7.7 x 10' 
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TABLE H.VI-10 1 

FORECAST OF ARSENIC SOIL PRGs BASED ON A 106 CANCER RISK 
FOR THE ON-PROPERTY RESIDENT FARMER 

Percentile PRG (mg/kg) 

0% 
2.5% 
5% 
10% 
25 46 
50 % 
75 % 
90 % 

95 % 
97.5% 

3.0 x l 0 *  
1.6 x 10' 
2.8 x 10' 
5.3 x 10' 
1.3 x 10' 
2.5 x loo 
3.8 x 10" 
5.2 x l o o  
1.0 x 10' 
1.9 x 10' 

TABLE H.W-11 

FORECAST OF ARSENIC SOIL PRGs BASED ON A HQ OF 0.2 
FOR THE ON-PROPERTY RESIDENT FARMER 

Percentile PRG (mg/kg) 

0% 
2.5% 
5% 
10% 
25 % 
50 % 
75 % 
90% 
95 % 
97.5% 

1.7 x 10' 
4.0 x 100 
4.5 x loo 
5.0 x loo 
6.1 x 100 
7.2 x 10' 

8.5 x l o o  
9.6 x 100 
1.0 x 10' 
1.1 x 10' 
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TABLE H.W-12 

FORECAST OF PCB PRGs BASED ON A 106 CANCER RISK 
FOR THE ON-PROPERTY RESIDENT FARMER 

Percentile PRG (mg/kg) 
0% 0.0 

2.5% 1.0 x 10' 
5% 1.0 x 10' 
10% 2.0 x l o 2  
25 % 4.0 x 10' 
50 % 9.0 x 10' 
75 % 1.3 x lo-' 
90 % 1.7 x 10' 
95 % 3.6 x 10' 

97.5% 6.4 x lo-' 

Tables H.VI-8 and H.VI-9 present the PRG for U-238 which was limited by risk, between the 0 to 
b 

25" percentile, for the farmer scenario. Above the 25"' percentile the limiting factor was the HI due 
to the fact that the direct radiation exposure has no impact on the toxicity. This provided the limiting 
factor as opposed to the results based on the HI. A total of 2,500 trials were performed. The U-238 
PRG varied from a low value of 0.86 pCi/g to a high value of 650 pCi/g at the 9 7 . 9  percentile. The 
median PRG was 27 pCi/g and the high end'PRG ( l@ percentile) was 6.1 pCi/g. 

The PRG for arsenic was still based on risk as the limiting factor at the 106 level. The arsenic PRGs 
ranged from 0.03 mg/kg to a high value at the 9 7 . P  percentile of 19 mg/kg. The median value was 
2.5 mg/kg while the high end value was 0.53 mg/kg (Tables H.VI-IO and H.VI-11). 

The PRG for PCBs was also dependent upon risk. The entire range of potential outcomes for the 
PCB PRG is 0 to 0.64 mg/kg at the 97.5"' percentile. The median value is 0.05 mg/kg. The high 
end value for PCBs is 0.01 mg/kg (Table H.VI-12). 

H.VI.4.2 Industrial Scenario (GroundskeeDer) 
The calculated PRGs at the 106 level using the monte carlo analysis resulted in PRGs which varied 
over several orders of magnitude. This was expected due to the use of input variables which varied 
by a similar magnitude in some cases. The distribution of results of the industrial scenario are shown 
in Tables H.VI-13 through H.VI-17. 
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TABLE H.VI-13 i 

FORECA!TI' OF URANIUM-238 SOIL PRGs BASED ON A 106 CANCER RISK 
FOR THE INDU!Tl'R.tAL SCENARIO (GROUNDSKEEPER) 

2 

3 

4 

Percentile PRG (DCi/d 
0% 2.6 x 10' 
2.5% 2.4 x 102 
5% 4.5 x 102 
10% 8.8 x lo? 
25 % 2.2 x lV 
50% 4.3 x 16 
75 % 6.4 x 16 
90 % 7.7 x 16 
95 % 8.1 x 16 
97.5% 1.2 x lo" 

TABLE H.W-14 

FORECAST OF URANIUM SOIL PRGs BASED ON A HQ OF 0.2 
FOR THE INDUSTRIAL SCENARIO (GROUNDSKEEPER) 

Percentile PRG (mg/kg) 
0% 1.4 x 10' 
2.5% 6.3 x 10' 
5% 1.1 x lo? 
10% 2.1 x loz 
25 % 5.1 x 102 
50 % 1.0 x 16 
75 % 1.5 x 16 
90 % 3.0 x 16 
95 % 4.6 x 16 
97.5% 8.0 x lV 
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TABLE H.VI-19 

FORECAST OF ARSENIC SOIL PRGs BASED ON A lo4 CANCER RISK 
FOR THE INDU!TlRIAL SCENARIO (GROUNDSKEEPER) 

Percentile Carcinogencitiy (rng/kg) 

0% 1.8 x 10' 
2.5% 9.5 x lo? 
5% 1.9 x 103 
10% 3.8 x 10' 
25 % 9.6 x 10' 
50 % 1.9 x 104 
75 % 2.9 x 104 
90 % 3.5 x 104 
95 % 3.6 x 104 
97.5% 6.8 x lo" 

TABLE H.VI-16 

FORECAST OF ARSENIC SOIL PRGs BASED ON A HQ OF 0.2 
FOR THE INDUSTRIAL SCENARIO (GROUNDSKEEPER) 

Percentile PRG (rng/kg) 

0% 
2.5% 
5% 
10% 
25 % 
50 % 
75 % 
90 % 
95 % 
97.5% 

4.4 x loo 
8.9 x loZ 
1.8 x 10' 
3.6 x 10' 
8.9 x lV 
1.8 x lo" 
2.7 x lo" 
4.7 x 104 
8.1 x lo" 
1.4 x 105 

F E R \ O U 5 F S W ~ , N E W W a v c m k r l 2 . 1 9 w  651pm H-VI- 15 
, ;  ,.. S ' .  

1, 3 .;. ' . ., ;; ;. ;. .i >, 

1 

J 

6 

7 

8 

10 

11 

12 

16 

17 - 
18 

19 

20 

26 

27 

28 

3 

M 

31 

. 32 

33 

34 

35 

36 

37 

38 



FEMP-OSFS-4 DRAFT 
November 14, 1994 

TABLE H.VI-17 

FORECAST OF PCB SOIL PRGs BASED ON A 106 CANCER RISK 
FOR THE INDU!7lWAL SCENARIO (GROUNDSKEEPER) 

Percentile PRG (mg/kg) 
0% 2.0 x lo2 

2.5% 6.0 x 10' 
5% 1.2 x 10' 
10% 2.4 x 10' 
25 % 6.1 x 10' 
50 % 1.2 x loz 
75 % 1.8 x 102 
90 % 2.2 x 102 
95 % 2.3 x 102 

97.5% 3.9 x 102 

A total of 2500 trials were performed. For the industrial groundskeeper scenario the limiting factor 
was the toxicity of uranium with an HI of 0.2. This is because the external exposure and overall 
duration are not as significant to the HI. The total uranium PRG varied from a low value of 14 

mg/kg at the 0 percent to a high of 8,000. The median PRG was 1000 @pm) mg/kg for the limiting 
case of HI. The high end PRG (90th percentile) was 210 mg/kg (Table H.VI-14). 

The PRG for arsenic was based on toxicity with an HI of 0.2. The arsenic PRGs ranged from 4.4 
mg/kg to a maximum of 140,OOO mg/kg (Table H.VI-16). The median value was 18,000 mg/kg 
while the high end value was 3600 mg/kg. 

The PRG for PCBs was dependent upon risk. The entire range of potential outcomes for the PCB 
PRG is 0.02 to 390,000 mg/kg. The median value is 120 mg/kg. The high end value for PCBs is 24 
mg/kg (Table H.VI-17). 

H.VI.4.3 Recreational Scenario (Develooed Park) 
A total of 2,500 trials were performed. 
are shown in Tables H.VI-18 through H.VI-21. For the developed park scenario the limiting factor at 
the high end of the certainty range was the risk from U-238. 

The distribution of results of the developed park scenario 
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The PRG for arsenic at the high end of the certainty range (90th percentile), were limited based on 
risk. The arsenic PRGs ranged from 5.9 mg/kg to a maximum of 130,000 mg/kg. The median value 
was 67,000 mg/kg while the high end value was 13,000 mg/kg (Table H.VI-19). 

The PRG for PCBs was dependent upon risk. The entire range of potential outcomes for the PCB 
PRG was 0.07 to 1700 mg/kg. The median value is 240 mg/kg. The high end value for PCBs is 49 
mg/kg (Table H.VI-21). 

H.VI.5 CONCLUSIONS AND INTERPRETATIONS 
It is important that the "products" of the quantitative uncertainty analysis are presented and discussed 
to provide an interpretation of the results. The very nature of an uncertainty analysis, whether 
quantitative or qualitative, addresses relationships between the predicted and the actual. The balance 
between these two quantities, one of which can never be known precisely, is in fact the rationale for 
assessing the uncertainty in the first place. 

As discussed above the nature of exposure modeling includes numerous areas where errors 
(uncertainty and variability) can be propagated. The degree to which these errors impact the decision 
process is the subject of this analyses. This study has illustrated that, with consideration of only a 
small number of parameters, the potential impact on the decision process can be significant in that the 
point estimates of the PRGs typically fall in the extreme range of the distribution of potential results. 

' 
TABLE H.VI-18 

FORECAST OF U-238 SOIL PRGS FOR 
THE DEVELOPED PARK USER 

i 

2 

3 

4 

5 

6 

7 

8 

9 

IO 

I I  

I?  

13 

14 

IS 

16 

17 

18 

19 

r) 

21 

2 

Percentile PRG based on 106 PRG based on HQ 
cancer risk (pCi/g) of 0.2 (mg/kg) 

0% 5.5 x loo 8.1 x 10' 
2.5% 3.0 x 102 1.8 x 102 
5.0% 6.0 x 102 2.8 x 102 
10% l .2  x 10' 4.9 x 102 
25 % 2.9 x 10' 1.1 x 10' 
50% 5.7 x l@ 2.1 x 103 
75 % 8.7 x 10' 5.7 x 103 
90 % 1.9 x lo" 1.6 x lo" 
95 z 3.9 x lo" 2.8 x lo" 

97.5% 9.0 x lo" 5.0 x lo" 
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TABLE H.W-19 . 

FORECAST OF SOIL ARSENIC PRGs BASED ON A 104 CANCER RISK 
FOR THE DEVELOPED PARK USER 

Percentile PRG (mg/kg) 6 

0% 
2.5% 
5.0% 
10% 
25 % 
50 % 
75 % 
90 % 
95 % 
97.5% 

5.9 x l o o  
1.2 x loL 
2.4 x 10' 
1.3 x 10'' 
3.3 x 10" 
6.7 x lo" 
1.0 x 105 
1.2 x 105 
1.3 x le 
1.3 x 105 

TABLE H.VI-20 

FORECAST OF ARSENIC SOIL PRGS BASED ON A HQ OF 0.2 
FOR THE DEVELOPED PARK USER 

Percentile PRG (mg/kg) 
0% 2.4 x loz 
2.5% 5.8 x l o z  
5.0% 9.4 x loz 
10% 1.6 x 10' 
25 % 3.7 x 10' 
50 % 7.2 x 10' 
75 % .1.4 x lo* 
90 % 3.4 x lo" 
95 R 6.9 x lo" 
97.5% 1.3 x 105 
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TABLE H.VI-21 

FORECAST OF PCBS SOIL PRGS BASED ON A lod CANCER RISK 
' TO THE DEVELOPED PARK USER 

Percentile PRG (mg/kg) 
0% 7.1 x lo2 
2.5% 1.2 x 10' 
5.0% 2.4 x 10' 
10% 4.9 x 10' 
25 % 1.2 x 102 
50 % 2.4 x l o z  
75 !% 3.7 x loz 
90 % 4.4 x loz 
95 % 9.0 x loZ 
97.5% 1.7 x 103 

The risk manager can use the range of PRGs to select a level of confidence (certainty) with which the 
PRG is not likely to present a greater risk than the selected risk level. The following specific 
products will be used to illustrate the potential impact on the tinal remediation levels: 

The impact on the PRGs by using distributions to define input parameters. 

A potential probability distribution of PRGs directly associated with a given risk in the 
rangeof 1 X lWto 1 X 106. 

An estimated value for the percentile range for the Reasonable Maximum Exposed 
individual for each receptor scenario and associated land use alternative. 

A qualitative discussion of the uncertainty associated with the other aspects of the risk 
assessment and PRG development process, including; Source term development, fate 
and transport modeling and related parameters, and dose-response models., 

This summary of the specific products, interpretations, and limitations represents a particular view of 
the overall uncertainty of the estimated risk values. While conservative risk models are sought in the 
planning process and specifically for determining whether action is required, the same conservative 
results are not as effective in considering what action needs to be taken. The FS for Operable Unit 5 
is a comprehensive approach to that specific evaluation. It is important to understand the role and the 

FER\OUSFSUARHWVI.NEW\Novcmkr12.1994 6 S l p m  H-VI- 19 

i 

2 

3 

4 

5 

6 

7 

8 

9 

10 

I I  

I ?  

13 

14 

15 

16 

17 

18 

I Y  

w 

? I  

-1 _- 
'13 

23 

3 

26 

27 

28 

29 

Y) 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 



.. , .. 

- FEMP-OSFS-4 DRAFT 
-NovembeFl4, 1994 

- - - _  - -  

limitations of point estimates of risk in the evaluation of alternatives process. This uncertainty 
analysis has shown that the conservativism can be significant. 

H.VI.5; 1 ImDact on Preliminarv Remediation Goals 
The use of conservative assumptions has led to model calculations which are intended to overestimate 
the actual risks to exposed individuals. Risk assessment guidance is focused on the use of the 
reasonable maximum exposure as the basis for decisions. The February 1992 Memorandum, from F. 
Henry Habicht 11, concerning additional risk characterization for risk managers and risk assessors 
clearly identifies that "EPA risk assessments will be expected to address or provide descriptions of 
individual risk to include the central tendency and the high end portions of the risk distribution." The 
term "high end" was defined in the memorandum to be above the 90"' percentile. Further more the 
high end risk descriptors are not the worst case or bounding risk estimates. The reasonable maximum 
exposure is, therefore, expected to be the upper end or high end of the risk potential and should be 
considered as those values between the 90* to 9 9  percentile. 

The information provided from models which are not "realistic" in their parameter selection is of 
limited use when the risks are greatly overpredicted. The overprediction stems from the propagation 
of conservativism in each stage of the risk model. The intent was to obtain high end risks and the 
actual results are believed to be the extreme risk at the 99"' or 99.9" percentile. Emphasis should be 
placed on removing conservative assumptions and increasing the realism of the model predictions. 
Given that the CERCLA guidance recommends the use of the RME scenario to determine impacts 
from contaminants in the environment, then the use of the 9P to 95"' percentile exposures indicates 
that the complete characterization of uncertainty in risk assessment needs to be documented. 

Based on the results of the uncertainty analysis using the exposure parameters, the PRG for uranium, 
for the farmer scenario, is conservative by more than a factor of ten (comparing the point estimate 
(RME) of 0.42 pCi/g to the 10'" percentile of 6.1 pCi/g). It is important to note that there is an 
inverse relationship between risk and PRGs and thus the percentile for the RME PRG should be 
between the 5" and the 10'" percentile to correspond to a total risk estimate between the 90"' and 95"' 
percentile. The overconservativism in the developed park and industrial scenarios for the uranium 
soil PRG were found to be on the order of 70 and 6, respectively. At a risk level of 106 a PRG for 
uranium based on the RME point estimate is approximately 0.42 pCi/g. This point estimate appears 
on the overall distribution at below the la percentile. The 10* percentile corresponds to a value of 
6.1 pCi/g. 

These values illustrate the estimated risk associated with the farmer scenario, has less than a 1 % 

chance of occurrence. The 10' risk based PRG at the 10'" percentile would be approximately 61 
pCi/g. 
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This conservativism, in the farmer scenario for uranium, is due primarily to two factors: 1) the 
exposure duration and 2) the shielding factor. The exposure duration used to represent the point 
estimate for the resident farmer was taken to be 70 years. The value used, in the point estimates, for 
a shielding factor for uranium (indoors) was 0.5 (dimensionless). Detailed calculations using the 
computer code Microshield for uranium-238 the isotope specific indoor shielding factor is better 
represented by 0.90. 

Using the probabilistic approach and still tending towards the 95"' percentile for the risk estimate, and 
5"' percentile for the PRG, the point estimate is, as stated previously, about an order of magnitude 
lower than that predicted by the simulation distribution. A more useful estimate of the 106 risk is the 
value of 6.1 pCi/g which corresponds to the 10" percentile of the distribution and is therefore still 
conservative in that there is only a 10% chance that this estimate of the PRG would be lower (or the 
corresponding risk would be greater). In the recreational park scenario the overestimate was on the 
order of a 100. The 10'" percentile for the developed park user scenario results in a PRG for uranium 
of 780 pCi/g.which corresponds to 2340 ppm for total uranium (recall that under this scenario the 
residential exposure duration, which is the number of years spent in the vicinity of the park, was 
used). The point estimate of uranium for the developed park scenario was calculated at 11 pCi/g or 
33 ppm, while the undeveloped park (based on an exposure duration of 70 years) has  an RME point 
estimate of 26 pCi/g or 78 ppm. 

D 
Given the distribution of the PRGs at the lo6 risk level it is a simple exercise to determine the 
corresponding values at the 10' and lod levels. The distributions are independent of the dose 
response and therefore are linear multiples of the original distribution. What is signiticant here is the 
ability to evaluate risk equivalence across exposure scenarios. The 10" percentile for the farmer at 
the 10' risk level is 61 pCi/g and that relates to the 95"' percentile for the undeveloped park user at 
the lob risk level. A table of merely the point estimates for the two scenarios would not have 
identified this equivalence, since the table of values does not include information pertaining to the 
relationships between exposure scenarios. 

The correlation of the risk distributions for each exposure scenario is best represented by the results 
in Table H.VI-22. 
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TABLE H.W-22 

RISK EQUIVALENCE - RME VERSUS BRQBABILITY DISTRIBVIQN 
(PRGs in pCi/g for Uranium-238 for Surface Soil) 

Risk 

RME 

O* 

5 

10 

25 

50 A 

Resident Farmer Industrial Developed Park Undeveloped Park 

1 o4 10’ 1 o4 lob 10” l(P lo4 1 0 5  1 o4 lob 105 lo4 
0.42 42 420 4 40 400 1 1  110 1100 26 260 2600 

0.85 8.5 85 8.6 86 860 5.5 55 550 - - 
3.5 35 350 150 1500 15,000 200 2000 20,000 

6.1 61 610 290 2900 29,000 390 3900 39,000 - - 
14 140 1400 720 7200 72,000 960 9600 96,000 - - 
21 270 2700 1430 14,300 143,000 1900 19,000 190,000 - 

- - - 

I 

- Indicates values that were not evaluated due to the fact that the point estimate for the RME risk is the basis of the decisions in the 
Proposed Plan 

- .  
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In the event that the exposure scenario is altered after remediation is complete (i.e., trespassers, or 
institutional controls fail) then Table H.VI-22 presents the likely outcome for those scenarios who 
point estimate resulted in a predicted risk greater than that of the undeveloped park. These scenarios 
are the industrial groundskeeper, developed park and resident farmer scenarios. The results can be 
interpreted in terms of the likelihood that the risk would be exceeded should the exposure scenarios 
change. The representative Operable Unit 5 alternative is based on the implementation of institutional 
controls to restrict exposures to that of the undeveloped park. In the event that the institutional 
controls are lost or discontinued the evaluation of the risk can be based on the interpretation of the 
probability distributions for the various scenarios. These comparisons are the basis for evaluating the 
risk equivalence. 

As an example take the undeveloped park scenario, which has a point estimate of 26 pCi/g for 
uranium-238, and as compared to the probability distributions of the other scenarios it is clear there is 
sufficient overlap between the risk estimates to ensure the protection of the public. The lo6 risk 
based PRG for uranium, under the undeveloped park scenario, is essentially equivalent to the lo5 risk 
level for the farmer at the 95 percentile. Additionally there is also a direct equivalence to the 106 
risk level for a receptor in the industrial scenario. These results indicate that the lo" risk level for 
the undeveloped park scenario would also be protective for ail scenarios at the 95 percentile of the 
simulated distributions for 10'. Similar results were obtained for representative COCs including 
arsenic and PCBs. The results are presented in detail in the appendix and were summarized in 
Section H.VI. 

' 
H.VI.5.2 Percentile Range for Reasonable Maximum ExDosure (RME) 
Another important conclusion of the quantitative uncertainty analysis is the ability to determine where 
the point estimates for the RME fall on the simulated distribution. In the case of the farmer scenario 
the RME point estimate falls below the ld percentile, thereby indicating another measure of the 
conservativism. The CT point estimate value, which is intended to be at or near the mean, actually 
falls below the l@ percentile (the risk at that concentration would be above the 90"' percentile) for 
the farmer scenario. 

For the other scenarios the results are similar in that the RME point estimate consistently falls at or 
below the 2.9" percentile of the simulated distribution. It is again important to note that from a 
statistical point of view the mean represents the "expected" value or the most likely value to be 
observed upon repeated measures. 
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H.VII. EVALUATION OF RELATIVE RISKS FROM DECAYS AND UWECAYED 
RADIOACTIVE CONTAMINANTS 

An estimate of the impact of decay was made using the currently identified radioactive contaminants 
found at the site. Three cases were evaluated: risk from external radiation based on residual soil 
concentrations given in Attachment H.111 (Table H.111-lo), risk from incidental ingestion of soil based 
on the same soil concentrations, and risk from inhalation of particulates and volatiles based on 
residual air concentrations given in Table H.3-4. The impact of taking decay fractions into account 
was done by multiplying the contaminant concentration at lo00 years times the cancer slope factors 
(CSF) from HEAST (EPA 1994b). Consequentially, the values presented are not true risk values, 
because the other factors required in risk calculations (such as inhalation rates, exposure duration, 
unit conversion factors, etc.) were not taken into account. This approach was taken because the 
exposure parameters would be identical for each radionuclide evaluated and therefore would not 
impact the results. Unit conversion factors were also not taken into account because the residual 
concentrations and the toxicity factors were treated as fractions of the numbers presented. 
less, the calculated values provide a basis of comparison that includes the relative impact of each 
radionuclide on human health. 

Never the 

Table H.VII-1 gives the radiodecay fractions taken from RadDecay 3.03 (Groves Engineering, 1990) 
for each residual airborne radionuclide given in Table H.3-4. The first column lists the relatively 
long-lived subchain parent, the next column lists the short-lived daughters associated with each 
subchain parent, as described in HEAST (EPA 1994b). For each residual radionuclides present, 
shown as "Residual Contaminant", the concentration of interest is given in across the top. Some of 
the residual radionuclides lead to duplicate subchains of decay, and are shown separately in the 
columns under "Residual Contaminant". The final decay fractions are summed across the table to 
include the contributions from the various parents. 

r. 
Table H.VII-2 contains the "relative risk" comparisons for exposure via inhalation. The radionuclides 
identified in the first column of Table H.VII-2 are the radioisotopes evaluated in the CRARE without 
taking decay into account. The second column indicates the daughters identified in Table H.VII-1 as 
potentially significant contributors, based on HEAST (EPA 1994b). These values are then multiplied 
by the CSFs for inhalation and the "relative risk" is summed for the undecayed "residual 
contaminants" and the decayed radionuclides. 

Table H.VII-3 gives the radiodecay fractions, taken from RadDecay 3.03 (Groves Engineering 1990), 
for each radionuclide identified as a residual concentration above background (see Attachment H .III, 
Table H.III-10). Table H.VII4 gives the "relative risks" for external radiation exposure, calculated 
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in the same manner as discussed for Table H.VII-2, but using the CSFs for external exposure instead 
of the CSFs for inhalation. Table H.VII-5 gives the "relative risks" for ingestion calculated in the 
same manner as discussed for Table H.VII-2, but using the CSFs for ingestion instead of those for 
inhalation. 

The evaluations indicate that taking decay into account will increase the risk by 20 percent for 
external radiation, and will decrease the risks by a factor of three for ingestion. The inhalation 
pathway yielded the same results when decay is included as when it is not. Radionuclides such as Cs- 
137 and Sr-90 will have decayed completely at lo00 years. This is offset somewhat by a buildup of 
daughters. 

The factor of "overestimation" for incidental ingestion of soil and the factor of "underestimation" for 
external exposures, are within the estimated uncertainty expected from the dose models and pathways 
parameter variability, which were discussed in section H.5.0 and Table H.5-1. 
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Long-lived Short-lived 
Parent Dau nhter 

Th-232 

Ra-228 

Ac-228 

Th-228 

Ra-224 

Rn-220 

PO-216 

pb-212 

Bi-212 

TI-208 

Po-212 

U-238 

Th-234 

Pa-234111 

Pa-234 

U-234 

Th-230 

Ra-226 

Rn-222 

TABLE H.VII-1 

ESTIMATE OF AIR CONCENTRATIONS USING DECAYED 
RESIDUAL CONCENTRATIONS 

Initial Concentrations at Year O @Cim3)’ 

U-238 u-235 U-234 Th-232 Th-230 Re-228 Ra-226 

3.5 x 1 0 6  4.7 x 10’ 0 6.0 x 10’ 1.3 x IO6  0 8.2 x 10’ 

1 .o 
I .o 
1 .o 

1.6 x IO-’ 

2.8  x 10.’ 

1.3 x 10.’ 

1.7 x IO6 

1.7 x I O 6  

Decayed Fractions Remaining at IO00 y for: 

1 .o 
1 .O 

1 .o 
I .o 
1 .O 

I .o 
I .o 
I .o 
I .o 

3.6 x 10’ 

6.4 x 10’ 

I .o 
8.9 x IO’ 

1.7 x 10’ 

1.7 x IO’ 

(Decay fraction) x 
(initial 

concentration) 

pCi/m’ 

6.00 x 10’ 

6.00 x 10’ 

6.00 x 10’ 

6.00 x 10’ 

6.00 x 10’ 

6 . 0 0 ~  10’ 

6 . 0 0 ~  IO’ 

6.00 x 10’ 

6 . 0 0 ~  IO’ 

2.16 x IO’ 

3.84 x 10’  

3.5 x I O 6  

3.5 x 10’6 

3.5 x I O 6  

5 . 6 ~  I O 9  

9.8 x I O 9  

4.6 x 10” 

6.0 x 10” 

6.0 x 10” 



Long-lived Short-lived 
Parent Daughter 

PO-2 I8 

Pb-213 

Bi-2 I4 

PO-214 . 
pb-2 IO 

Bi-210 

Po-210 

U-235 

Th-23 I 

Pa-23 I 

Ac-227 

Fr-223 

Ra-223 

Rn-219 

Po-2 I5 

Pb-21 I 

Bi-2 I I 

TI-207 

Po-2 I I 

Th-227 

TABLE M.VII-1 
(Continued) 

Initid Concentrations at Year o ( p ~ i / m 3 ~  

U-238 U-235 U-234 Th-232 Th-230 Re-228 Ra-226 

3.5 x IOd 4.7 x IO’ 0 6.0 x IO’ 1.3 x IO4 0 8.2 x 1 0 1  

1.7 x IO4 

1.7 x IO4 

1.7 x 10‘ 

1.7 x 

1.5 x I O 6  

1.5 x I O 6  

1.5 x 

1 .o 
I .o 

2.1 x IO’ 
2.0 x IO’ 

2.8 x 104 

2.0 x 104 

2.0 x 104 

2.0 x 104 

2.0 x IO4 

2.0 x IO4 

2.0 x IO4 
5.5 x IO’ 
2.0 x IOZ 

Decayed Fractions Remaining at IO00 y for: 

1.7 x IO’ 

1.7 x ioJ 
1.7  x io’ 

1.7 x IO’ 

1 . 6 ~  ioJ 
1 . 6 ~  IO’ 

1 . 6 ~  IO’ 

(Decay fraction) x 
(initial 

concentration) 

pCilm’ 

6.0 x 10” 

6.0 x IO” 
6.0 x 10” 

6.0 x 10” 

5.3 x IO” 
5.3 x IO” 

5.3 x IO” 
4.65 x IO’ 

4.7 x 10’ 

9.8 x 10” 

9.3 x 1O1O 

1.3 x 10” 

9.3 x IO” 

9.3 x IO” 

9.3 x IO” 
9.3 x iol* 
9.3 x IO” 
9.3 x IO” 
2.66 x IO” 
9.3 x 1O1O 

, 

a Concentrations from Table H.3-4 
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TABLE H.VII-2 

COMPARISON OF IMPACT OF DECAYED RADIONUCLIDE ACTIVITIES 
TO UNDECAYED, AT 1000 YRS 

CSF Residual Air Res. Air x CSF Decayed Dec. Quantity 
inhalation Quantity x CSF 

daUghtCrs (risWpCi) @Ci/m3 ("risk') @~i/m') (1) ('risk") 

Pb-210 

Ra-226 

Tc-99 

Th-228 

Th-230 

Th-232 

u-234 

U-2351236 

U-238 

Totals 

+ 2 d  

+ 8d 

+ 5d 

Pb-210 + 2d 

+ 7d 

+ 10d  

nod 

Ra-228 + Id 

Th-228 + 7d 

Th-230 

Ra-226 + 5d 

Pb-210 + 2d 

+ Id 

Pa-23 1 

Ac-227 + 9d 

+ 2 d  

u-234 

Th-230 

Ra-226 + Sd 

Pb-210 + 2d 

4.0 x 1 0 9  

7.0 109 

3.0 x 1 0 9  

SA 

8.3 x 10" 

7.8 x IO' 

2.9 x io' 
. 1 . 0 7 ~  10' 

2.8 x l(r 

6.9 x 10" 

SA 

2.6 x io* 

SA 

SA 

SA 

2.5 x IO' 

3.6 x 10' 

8.8 x 10' 

2.4 x 10" 

SA 

SA 

SA 

SA 

1 Assumes no daughters exist at year 0 
2 Contribution included as total in the first listing of that radionuclide 
SA = See above listed value for that radionuclide 

0.0 0.0 

8.2 x io7 5.7 x 10" 

1.4 x 10' 1.2 x 10" 

0.0 0.0 

1.3 x 106 

6.0 x IO' 

3.8 x 10" 

1.7 x IO" 

0.0 0.0 

4.6 x IO' 1.2 x 1 0 1 5  

3.6 x 106 8.6 x 10" 

1.5 x 10'' 

5.3 x 10" 

N A  

6.0 x 10" 

(2) 

1.4 x 10' 

6.0 x IO' 

4.6 x IO" 

NA 

6.0 x 10' 

6.0 x IO' 

(2) 

9.8 x io9 

(2) 

(2) 

(2) 

4.1 x IO' 

9.8 x 10'" 

9.3 x io10 

3.5 x 106 

(2) 

(2) 

(2) 

(2) 

0 

1.80 x 10'O 

0 

1.16 x 10" 

4.68 x 10" 

1.33 x 10" 

1.68 x IO" 

4.14 x IOu6 

0 

2.55 x 1016 

0 

I .  18 x IO" 

3.53 x 10" 

8.18 x 10" 

8.40 x 101~ 

1.50 x IO" 
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TABLE H.VII-3 . 

ESTIMATE OF SOIL CONCENTRATIONS USING RESIDUAL SOIL CONCENTRATIONS 

Long-lived Short-lived 
Parent Daughter 

Th-232 

Ra-228 

Th-228 

U-235 

Pa-23 I 

Ac-227 

Ac-228 

Ra-224 

Rn-220 

Po-2 16 

Pb-2 I2 

Bi-2 I2 

TI-208 

Po-2 12 

Th-23 1 

Fr-223 

Ra-223 

Rn-2 I9 

PO-2 15 

Pb-2 I 1 

Initial Concentrations at Year 0 

U-238 U-235 U-234 Th-232 Th-230 Rs-228 Ra-226 

2.8 x L O O  0.0 0.0 3.2 x IO' 6.5 x IO' 0 3.8 x IO' 

Decayed Fraction Remaining at loo0 yr for: 

1 .o x I6 

1.ox lcp 0.0 

1.0 x 1cp 0.0 

1.0 x Icp 0.0 

1.0 x I6 0.0 

I . 0 x  la 0.0 

I . 0 x  IW 0.0 

1.0 x lcp 0.0 

1.0 x IW 0.0 

3.6 x 10' 0.0 

6.4 x IO" 0.0 

1.ox I @  

1.0 x la 
2.1 x 10 '  

2.0 x IO' 

2.8 x IO" 

2.0 x IO4 

2.0 x IO" 

2.0 x IO4 

2.0 x 10" 

(Decayed fraction) 
x (initial corn.) 

pCikg 

3.2 x IO' 

3.2 x IO' 

3.2 x IO' 

3.2 x io' 

3.2 x IO' 

3.2 x IO' 

3.2 x IO' 

3.2 x IO' 

3.2 x IO' 

1 . 1  x io' 

2.0 x IO' 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

,. 
..'. 
.'. ' 



Long-lived Shott-lived 
Parent Daughter 

Bi-211 

TI-207 

Po-21 1 

Th-227 

U-238 

Th-234 

Pa-234m 

Pa-234 

U-234 

lh-230 

Ra-226 

Rn-222 

Po-2 1 8 

Pb-213 

Bi-214 

PO-2 14 

Pb- 1 

Bi-210 

Po-2 I O  

I From Table H.111-IO 

TABLE H.VII-3 
(Continued) 

Initial Concentrations at Year 0 

U-238 u-235 U-234 Th-232 Th-230 Ra-228 Ra-226 

2.8 x loo 0.0 0.0 3.2 x 10' 6 5  x IO-' 0 3.8 x IO'' 

Decayed Fraction Remaining at IO00 yr for: 

2.0 x IO4 

2.0 x IO4 

5.5 x 10' 

2.0 x 10' 

1.ox loo 

1.ox 100 

] .Ox  16 

1.6 x 10' 

2.8 x 10' 

1.3 x 10' 

1.7x 106 

1.7x 106 

1.7 x I06 

1.7 x 106 

1.7 x 106 

1.7 x 106 

1.5 x 106 

1.5 x 106 

I . . (  x lob 

1.ox 16 

8.9 x 10' 

1.7 x IO' 

1.7 x 10' 

1.7 x 10' 

1.7 x 10' 

1.7 x IO' 

1.7 x 1 0 3  

1.6 x IO' 

1.6 x 103 

1.6 x 10' 

9.9 x IO-' 

3.5 x 10 '  

3.5 x IO-' 

3.5 x 1 0 '  

3.5 x IO-' 

3.5 x 1 0 '  

3.5 x 1 0 '  

3.4 x 1 0 '  

3.4 x IO-' 

3.4 x 10' 

6.5 x 10' 

6.5 x 1 0 '  

6.5 x 10.' 

6.5 x IO-' 

6.5 x 10.' 

6.5 x 1 0 '  

6.6 x 10.' 

6.6 x 1 0 '  

6.6 x 10'' 

(Decayed fraction) 
x (initial conc.) 

pCikg 

0.0 

0.0 

0.0 

0.0 

2.8 x loo 

2.8 x 100 

2.8 x loo 

4.4 x 10' 

7.8 x 10' 

6.4 x 10' 

4.8 x 10' 

4.8 x 10' 

4.8 x 10' 

4.8 x 10' 

4.8 x 10' 

4.8 x IO' 

4.1 x 10' 

4.7 x 10' 

4.7 x 10' 

1 I 
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TABLE H.VII-4 

COMPARISON OF IMPACT OF DECAYED RADIONUCLIDE ACTIVITIES TO 
UNDECAYED, AT 1000 YRS EXTERNAL RADIATION EXPOSURE CASE 

CSF external Residual Res. Soil Decayed Dec. Quantity 
daUghterS Soil x CSF Quantity If' x CSF 

(riaWpCi) @Ci/kg) ('risk") @Ci/kg) ("risk") 

Sr-90 

Tc-99 

Th-228 

Th-230 

Th-232 

Ra-226 + 8d 

+ 5d 

Pb-210 + 2d 

+ Id 

+ 7d 

+ 10d  

nod 

Ra-228 + Id 

Th-228 + 7d 

u-234 

U-2351236 2 

U-238 

no d 

Th-230 

Ra-226 + 5d 

F'b-210 + 2d 

+ Id 

Pa-23 1 

Ac-227 + 9d 

+ 2 d  

u-234 

Th-230 

Ra-226 + 5d 

Pb-210 + 2d 

Totals 

6.0 x lob 

6.0 x lob 

1.6 x 10" 

0 

6.0 x 10" 

5.6 x lob 

5.4 x 10" 

8.5 x IW 

2.6 x 10" 

2.9 x lob 

(1) 

3.0 x 10" 

0 
(2) 

(2) 

2.5 x IO' 

2.6 x io1 
8.5 x ioi 
5.1 x 10' 

0 
0 
(2) 

0 

3.8 x l o 1  

1.2 x 1 0 1  

2.5 x IO' 

0.0 

6.5 x 1 0 '  

3.2 x IO' 

0.0 

0.0 

2.8 x I@' 

2.3 x IO4 

4.8 x 1 0 1  

4.7 x 1 0 1  

0.0 0 

1.5 x IO" 2.5 x I O '  

0.0 3.2 x IO' 

7.8 x IO' 3.5 x IO" 

2.7 x IO' 

3.2 x 1 0 '  

3.2 x IO' 

0.0 7.8 x I O '  

0.0 0.0 

0.0 

0.0 

2.8 x 100 1.4 x 1 0 7  

2.7 x IO4 

2.9 x IO4 

7.5 x IO" 

0.0 

1.5 x IO" 

1.8 x IO' 

4.2 x 1 0 1 3  

8.3 1 0 1 3  

9.3 x IO' 

2.3 x 1 0 1 3  

0.0 

0.0 

0.0 

1.4  x 10" 

3.3  x IOd 

1 Contribution included as total in first listing for radionuclide 
2 Assumes all U-235 
3 Assumes no daughters at year 0 
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TABLE H.VII-5 

COMPARISON OF IMPACT OF DECAYED RADIONUCLIDE ACTIVITIES TO 
UNDECAYED, AT 1000 YRS INGESTION EVALUATION 

Dec. Quan 

@er pCi) @Ci/kg) ("risk") @Ci/kg) ("risk") 

b a y  CSF Residual Soil Res. Soil Decayed 
daUghtCrS ingestion x CSF Quantity 3 x CSF 

Ra-226 

Sr90 

TC-99 

Th-228 

Th-230 
Th-232 

u-234 

U-2351236 2 

U-238 

Totals 

+ 8d 

+ Sd 

Pb-210 + 2d 

+ Id 

+ 7d 

+ 10d 

no d 

Ra-228 + Id 

Th-228 + 7d 

no d 

Th-230 
Ra-226 + 5d 

Pb-210 + 2d 

Id 

Pa-23 1 

AC-227 + 9d 

+ 2d 
U-234 

Th-230 

Ra-226 + 5d 

pb-210 + 2d 

7.8 x 10" 

1.2 x 1010 

6.6 x 1 0 ' O  

3.6 x 10" 

1.3 x 10" 

5.5 x 1 0 1 1  

1.3 x 10" 

1.7 x 10" 

1.2 x 10" 

1.0 x 1010 

(1) 

1.6 x 10" 

(2) 

(2) 

(2) 
1.6 x IO" 
9.2 x 10" 

3.5 x 1010 

2.0 x 10" 

(2) 

(2) 

(2) 
(2) 

3.8 x 10' 

1.2 x 10' 

2.5 x 101 

0.0 

6.5 x 10'' 

3.2 x 10' 

0.0 

0.0 

2.8 x IOU 

1 Contribution included as total in first listing for radionuclide 
2 Assumes all U-235 
3 Assumes no daughters at year 0 
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3.7 x 10-10 
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3.0 x 10" 

4.3 x 1 0 ' '  

3.3 x 10" 

0.0 

8.5 x 1 0 "  

5.4 x 1 0 1 '  

0.0 

0.0 

5.6 x 10." 

4.8 x 101 

0 

2.5 x 10' 

3.2 x 10' 

7.8 x 1 0 3  

3.2 x 10' 

3.2 x 10: 

7.8 1 0 3  

0.0 

0.0 
0.0 

2.8 x I@ 

5.8 x 10 

0.0 

3.3 x IO 

1.8 x 10 

I . 0 x  IO 

3.8 x I O  

3 .2  x I O  

1.2 x 10 

0.0 

0.0 

0.0 

5.6 x IO 

1.2 x 10 
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1.1.0 INTRODUCTION 1 

1.1.1 PURPOSE 
This appendix provides a cumulative assessment of the impacts that would result from implementing 
the Operable’Unit 5 representative alternative (i.e., the alternative most likely to be selected based on 
the feasibility study [FS] evaluation); with the preferred alternatives or leading remedial alternatives 
(LRAs) for each of the remaining four operable units at the Fernald Environmental Management 
Project (FEMP) site. 

Preliminary LR4s for Operable Units 1 through 5 were developed in the Site-wide Characterization 
Report (SWCR) (DOE 1993) and are considered LRAs until they are analyzed in an FS document. 
For the purpose of an FS evaluation, the term representative alternative is used. Representative 
alternatives are those alternatives analyzed in the FS document that are likely to be selected based on 
preliminary information. The term preferred alternative identifies those alternatives selected in the 
proposed plan based on detailed analysis in the FS. 

This assessment provides the reader with the most current information on how the potential impacts 
from Operable Units 1, 2, 3, and 4 relate to the potential impacts of Operable Unit 5. This appendix 
is an update of the cumulative impact analysis provided in the Operable Unit 4 Feasibility 
Study/Proposed Plan-Environmental Impact Statement (FS/PP-EIS) and the Operable Units 1 and 2 
Feasibility Study/Proposed Plan (FS/PP). The description of the Operable Unit 5 representative 
alternative has changed slightly from those evaluated in the Operable Units 1, 2, and 4 documents; 
therefore, this appendix is being updated for the Operable Unit 5 evaluation. 

D 

In this evaluation, efforts have been made to further quantify impacts in the cumulative impact 
analysis. After the identification of the preferred alternatives for Operable Units 1, 2, and 4, and the 
representative alternative for Operable Unit 5, impacts to wetlands, biotic resources, etc., can now be 
more accurately quantified. The original cumulative impact analysis for the Operable Unit 
4 FS/PP-EIS evaluated cumulative impacts based on preliminary LRAs identified in the SWCR, which 
assumed on-site disposal for all operable units. 

In addition, analysis related to noise impacts and transportation has been added, because it appears 
that more of the remedial activities will involve off-site transportation than first envisioned. It is 
important to note that for Operable Unit 3, this cumulative assessment is still based on the preliminary 
LR4, consistent with the Implementation Plan for the National Environmental Policy Act (NEPA) 
process at the FEMP site (DOE 1994a). Additional data will be collected and analyzed for Operable 
Unit 3 as this operable unit progresses through the Comprehensive Environmental Response, D 
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Compensation, and Liability Act (CERCLA) Remedial Investigation/ Feasibility Study (RI/FS) 
process. As additional information becomes available and/or the leading remedial alternative changes, 
revisions to this appendix will be presented in the FS Report for Operable Unit 3. 

1.1.2 NEPAKERCLA INTEGRATION APPROACH AT THE FEMP SITE 
It is DOE policy to integrate NEPA values into the CERCLA process wherever practical. Integration 
is intended to (1) avoid duplicate effort and additional resources that would be needed to implement 
both NEPA and CERCLA separately, (2) avoid conflicts in analysis and the selection of a remedial 
alternative, and (3) minimize the risk of delaying remedial actions on procedural grounds. The . 

primary instrument for DOE'S NEPAICERCLA integration is the RI/FS process, supplemented as 
needed to address NEPA values. The final product is to be a single integrated set of documents--a R 
Report, a FS Report, and a PP that satisfies the requirements of CERCLA and addresses NEPA 
values. 

The notice of intent (NOI) for the NEPAKERCLA integration approach was published in the Federal 
Register and concluded that (1) a FS/PP-EIS was the appropriate level of NEPA documentation for 
the lead operable unit (Le., Operable Unit 4) and (2) NEPAEERCLA integration is also to be 
provided in the remaining four operable unit FS/PP reports. The FS/PP for Operable Units 1 and 2 
contain a discussion of common issues and potential cumulative impacts, referencing the Operable 
Unit 4 FS/PP-EIS as the lead document. All subsequent operable unit reports, such as this 
cumulative impact analysis for the Operable Unit 5 FS, also reference the material presented in the 
Operable Unit 4 FS/PP-EIS. This evaluation will update available information, as appropriate, and 
contain adequate operable unit-specific data to support the complete NEPA impact analyses to be 
contained in each operable unit FS. 

On June 13, 1994, DOE issued a revised policy for NEPA compliance. The revised policy, 
"Secretarial Policy Statement of National Environmental Policy Act," allows for only the values of 
NEPA to be integrated into the development of CERCLA RI/FS documentation. The revised policy, 
which is contingent upon stakeholder approval, would allow for reliance on the CERCLA process to 
meet the procedural requirements of NEPA. Therefore, DOE has supplemented the evaluations 
contemplated by RI/FS guidance to accommodate the evaluation of NEPA values in the preparation of 
this FS. This information is also summarized in the Operable Unit 5 Proposed Plan. Additional 
details on this integration process for addressing NEPA values in the RI/FS process can be found in 
Section 1.4 of this document. 
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I. 1.3 REPORT ORGANIZATION 
The descriptions of proposed remedial alternatives for Operable Unit 5 are contained in the main text 
of this FS Report; environmental impact analyses of Operable Unit 5 alternatives are contained in the 
detailed analysis of alternatives in Section 4.0. The SWCR contains the baseline data required for 
analyses of potential impacts of site-wide remediation, including a baseline ecological risk assessment. 
The Operable Unit 5 PP presents the preferred alternative and summarizes the impacts of 
implementation. Section 1.2.0 contains a description of the preferred alternative or LRA for each 
operable unit. The cumulative environmental impacts of proposed on-property actions are described 
in Section 1.3.0, which analyzes the potential impacts on the environment from concurrent 
implementation of remedial activities for the operable units and site-wide facilities. 

I 

2 

3 

4 

5 

6 

7 

8 

9 

IO 

.A . Federal, state, and local agencies consulted during the compilation of data for the FS/PP-NEPA 
evaluation and the relationship of remediation at the FEMP site to the objectives of local, state, 

I I  

12 

13 

14 

15 

regional, and federal land use plans, policies, and controls, are described in Section 1.4.0. 
updated discussion of irreversible and irretrievable commitment of resources resulting from remedial 

An 
F I. 

activities at the FEMP site is in Section 1.5.0. 

*I. I. 1.4 SCOPE OF CUMULATIVE IMPACT ANALYSIS 16 

The detailed evaluation in this cumulative impact analysis has been limited to impacts on and 17 

immediately adjacent to the FEMP site. 18 

FEMP site will not impose significant cumulative impacts to the environment when combined with 19 

B 
5 The activities on adjacent lands which are not related to the 

Ls 

remediation activities at the FEMP. These activities will be addressed in this section. The 20 

cumulative impacts of remediating Operable Units 1 through 5 will be addressed in Section 1.3.0. 21 

The specific sites separate from the FEMP site that warrant some discussion of cumulative impacts 22 

include: 23 

e A CERCLA site immediately south of the FEMP site (approximately one mile) that is 24 

25 

26 

27 

undergoing the RI/FS process for an organic contamination plume in the Great Miami Aquifer. 
Two other sites are being evaluated as potential CERCLA sites but their proximity to the 
FEMP site does not justify or warrant a discussion. 

e A small quarry located less than a mile from the eastern boundary of the FEMP site. 28 

The potential for disposal of waste at an off-property location. The remaining areas around the 29 

FEMP site are primarily used for agricultural (i.e., cultivated fields) and limited residential 30 

domains. 31 

Groundwater remediation at the Fernald site and the CERCLA site south of the Fernald site resulted 32 

33 

34 

B in the evaluation of potential increases in contaminant loading to the Great Miami River and the 
possibility of land subsidence due to groundwater extraction. The contaminant loading in the Great 
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Miami River will be nondetectable to minimal due to the treatment of the extracted groundwater 
before discharge. The groundwater does not act as a physical support mechanism in this geologic 
structure; therefore, the possibility of land subsidence is remote. 

Activities at the quarry east of the site involve some excavation and movement of soil and rock and is 
in the prevailing wind direction from the FEMP site. However, the quarry operation is  on a 
relatively small scale when compared to the overall remediation of the FEMP site. In addition, 
cultivated fields are the predominant land use downwind of both the quarry site and the FEMP site. 
Therefore, the cumulative impacts associated with dust emissions from the quarry and the site will be 
minimal. 

Fugitive dust from cultivated fields adjacent to the site, in combination with that associated with the 
excavation and transportation to and from the site, pose a very limited potential for cumulative 
impacts. These cumulative impacts to air quality will be minimal since (1) the dust remains 
suspended for a limited time and (2) the number of downwind receptors is limited. The focus of the 
detailed analysis in this appendix will, therefore, be limited to the concurrent response actions for the 
five operable units carried out at the FEMP site because their cumulative impacts to the environment 
and residents in the region are distinctly greater than those in combination with other activities in the 
area. 

Efforts have been made throughout the cumulative impact analysis to quantify impacts to the extent 
possible. For example, impacts to wetlands and habitats have been quantified (i.e., estimation of 
acres disturbed) wherever possible. In addition, the overall impacts of the FEMP remedial activities 
on the local socioeconomic structure have been quantified to the extent possible. Due to the timing of 
the remedial activities, quantitative information was not available in all cases. In these situations, a 
qualitative evaluation of potential impacts has been provided. 

I .  1.5 SITE-WIDE ECOLOGICAL RISK ASSESSMENT 
A preliminary site-wide ecological risk assessment in the SWCR estimated the potential and future 
baseline risks of FEMP contaminants to ecological receptors. The U.S. Environmental Protection 
Agency (EPA) and U.S. Department of Energy (DOE) agreed that the next iteration would be done as 
part of the Operable Unit 5 RI Report. The Site-Wide Ecological Risk Assessment, Appendix B of 
the Operable Unit 5 RI Report (DOE 1994e), assesses the possible risks from current concentrations 
of site contaminants to ecological receptors inhabiting on- and off-property areas not presently 
targeted for remediation based on human health concerns. 
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1.2.0 LEADING REMEDIAL ALTERNATIVES i 

This section contains descriptions of each of the operable units at the FEMP site and identifies the 
leading remedial alternatives for Operable Units 1, 2, 3, and 4. For Operable Unit 5, this section 
summarizes the description of the representative alternative, which is presented in detail in the FS and 
PP evaluations. The no-action alternative for the site was evaluated in detail in the SWCR 
(DOE 1993) and the cumulative impact analysis (Appendix I) of the Operable Unit 4 FS/PP-EIS 
(DOE 1994b). 

The FEMP site was divided into five operable units under the original 1990 Consent Agreement. 
However, the definitions of the operable units have been revised under the Amended Consent 
Agreement, and the possibility of a comprehensive site-wide operable unit has been added. The five 
operable units and their revised definitions are presented below: 

Operable Unit 1 - Waste Pits 1 through 6, the Clearwell, the burn pit, berms, liners, and 
associated contaminated soil within the operable unit boundary 

Operable Unit 2 - the active and inactive flyash piles, the South Field, the lime sludge ponds, 
the solid waste landfill, berms, liners, and associated contaminated soil within the operable unit 
boundary 

Operable Unit 3 - the former production area and production-associated facilities and equipment 
(includes all above- and below-grade improvements) including, but not limited to, all 
structures, equipment, utilities, drums, tanks, solid waste, waste, product, thorium, effluent 
lines, K-65 transfer line, waste water treatment facilities, fire training facilities, scrap metal 
piles, feedstocks, and the coal pile 

Operable Unit 4 - Silos 1, 2, 3, and 4, berms, the decant sump tank system, and associated 
contaminated berms and soil within the operable unit boundary 

ODerable Unit 5 - perched and regional groundwater, surface water, soil not associated with 
other operable units, sediment, flora, and fauna 

1.2.1 OPERABLE UNIT 1 
Operable Unit 1 includes six low-level radioactive waste storage pits, the Burn Pit, and the Clearwell, 
all located west of the former production area (Figure 1.2-1). The pits contain large quantities of 
liquid and solid wastes that were generated by the various operations at the FEMP site and disposed 
of before 1987. The Operable Unit 1 waste units are described below. A detailed description of the 
nature and extent of contamination associated with Operable Unit 1 is provided in the RI Report for 
Operable Unit 1 (DOE 1994d). 
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0 Waste Pit 1 - constructed in 1952 into existing native clay and then lined with an additional 

4 feet (ft) of clay. The pit has a maximum depth of 29.5 ft. Contents of the waste pit include 
48,500 cubic yards of waste and 19,900 cubic yards of contaminated cap and soil liner. Waste 
Pit 1 has been out of service since 1959, when it was backfilled, covered with clean soil, and 
graded to provide surface drainage into the Clearwell. 

Waste Pit 2 - constructed in 1957 and lined with native clay with a 13.8-ft average design 

depth and a maximum depth of 23.5 ft. Contents of the waste pit include 24,200 cubic yards 
of waste and 13,200 cubic yards of contaminated cap and liner soil. Waste Pit 2 has been out 
of service since 1964, when it was backfilled and covered with clean soil. 

Waste Pit 3 - constructed in 1958 by excavating into underlying glacial till and then adding a 

clay liner along the pit walls and bottom. The pit has a maximum depth of 42.0 ft. The 
contents of the waste include 204,100 cubic yards of waste and 103,400 cubic yards of 
contaminated cap and liner soil. Waste Pit 3 has been out of service since 1977, when it was 
backfilled and covered with clean soil. 

Waste Pit 4 - clay-lined pit constructed in 1960 with a 32 ft maximum depth. Contains an 

estimated 23,500 pounds (Ibs) of barium chloride in addition to radioactive wastes. In 1984, 
an interim cap providing an additional cover of compacted clay overlain by a 45-mil-thick 
Hypalon chlorosulfanated reinforced polyethylene (CRP) liner was installed to further ensure 
segregation of encapsulated materials from surface water during the interim period prior to 
implementation of a final remedial action. Contents of the waste pit include 
55,100 cubic yards of waste and 17,700 cubic yards of contaminated cap and liner soils. In 
1986, it was backfilled and covered with clean soil. 

Waste Pit 5 - constructed in. 1968 and served as a settling pond for slurried waste from various 

production processes. It is a maximum 29 ft-deep pond lined with a 60-mil-thick Royal-Seal 
ethylene-propylene-diene monomer (EPDM) elastomeric membrane. When heavy rainfall 
occurs, storm water.overflow from Pit 5 flows by gravity from the pit to the Clearwell. 
Contents of the waste pit include 97,900 cubic yards of waste covered with water. Waste Pit 5 
has been out of service since 1987. 
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Waste Pit 6 - constructed in 1979, this pit is a 24 ft-deep pond lined with a 60-mil-thick 
Royal-Seal EPDM elastomeric membrane. The pit has been out of service since 1986 and has 
not been covered. The waste pit contains 9600 cubic yards of waste and standing water 
remains trapped within the berms of the pit. When heavy rainfall occurs, storm water 
overflow from Pit 6 flows to Pit 5 and then to the Clearwell. 

The Bum Pit - excavated in 1957 as a clay borrow pit for lining Waste Pits 1 and 2. The 
depth and size of the pit are not precisely known, but it is estimated to be approximately 30 ft 

deep. The pit was subsequently used for the disposal and burning of laboratory chemicals, 
waste oils, and other low-level radioactivity-contaminated materials such as wooden pallets. 
The pit contains 30,300 cubic yards of mixed waste and soil. 

The Clearwell - constructed in 1959 and served as a settling basin for process water and storm 
water runoff from the waste pits. The Clearwell contains 4300 cubic yards of sludge and 
contaminated liner soil. Most recently, the Clearwell was used as a final settling basin for 
process water that passed through Waste Pit 5 before its discharge to the Great Miami River 
via the National Pollutant Discharge Elimination System (NPDES) permitted discharge. This 
use was terminated in March 1987 when Waste Pit 5 was removed from the process water 
treatment scheme. The Clearwell currently receives surface water runoff from the majority of 
the surfaces of Waste Pits 1, 2, and 3 and from the entire surface of Waste Pit 5. Water of 
varying depth remains in the Clearwell at all times. The sediment resulting from material 
deposition were removed on at least one occasion during the period of operation. The depth of 
sediment remaining in the Clearwell is estimated at 27 ft. 

1.2.1.1 Preferred Alternative for Operable Unit 1 
The preferred alternative (as identified in the Operable Unit 1 FS/PP) for Operable Unit 1 involves 
the removal and treatment of materials from Waste Pits 1 through 6, the bum pit, and the Clearwell 
to achieve risk-based preliminary remediation goals (PRGs) and applicable or relevant and appropriate 
requirements (ARARs). The excavated area will be backfilled with clean soils. The excavated 
materials will be treated (dried) and transported by rail to a commercial disposal facility. This 
alternative also includes continued federal ownership of the land to control future land use. The 
following actions would occur: 

Removal and Treatment of Standing Water - Waste Pits 5 and 6 and the Clearwell have 
standing water requiring treatment by a wastewater treatment facility. The effluent from this 
facility will be discharged to the Great Miami River and will meet all surface water PRGs and 
ARARS. 
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1.2.2 

Waste Removal and Semegation - Pit wastes and soil will be mechanically or hydraulically 
removed to attain risk-based PRGs and ARARs. Waste segregation technologies will be 
employed to facilitate waste handling, treatment, packaging, and disposal. 

Waste Treatment - Excavated waste materials will be processed before treatment. Stable waste 
materials such as concrete construction rubble and debris will be crushed, shredded, and sent 
directly for disposal. Pit waste will be dried and transported. Soil will be removed down to 
3 ft below the pit liners, treated, and disposed along with the pit waste material. Pit waste, 
caps, and liners will be excavated and transported to a controlled stockpile where the waste 
streams can be blended and directed into a shredder which feeds the dryers. The dried waste 
will be transferred to an operational storage silo above the rail siding. The rail siding will load 
the rail cars, which will transport the treated waste to a commercial disposal facility in Clive, 
Utah (see Attachment 1.11 for a description of the representative commercial facility). The top 
6 inches (in) of soil throughout the entire area of Operable Unit 1 will be removed, contained, 
and turned over to Operable Unit 5 for treatment and final disposition. Clean soil will be used 
as backfill to reestablish grades and promote proper runoff and drainage control. A cover 
system consisting of a vegetative layer, a drainage layer, and a dried composite infiltration 
barrier (synthetic and natural materials) would then be used to complete the seal of the waste 
pit area. 

Cauuinq - The waste pit area will be backfilled with clean soil and graded before installation of 
a multimedia cap. The floodplain will be regraded to the original elevation. Any displacement 
of bank material in Paddys Run would be restructured and returned to its original slope. 

RunoffIRun-on Control - Runoff control features would remove storm water from the operable 
unit area, and run-on control features would direct storm water away from the closed facility. 
Surface water would be routed through the waste pit area storm water runoff control system 
and pumped to the advanced wastewater treatment (AWWT) facility for treatment. Control can 
be accomplished by using site contour grading, vegetation, diversion and collection ditches, and 
various physical devices including silt traps and sedimentation basins. 

OPERABLE UNIT 2 
Operable Unit 2 includes the following waste units: the solid waste landfill, the lime sludge ponds, 
an inactive flyash pile, an active flyash pile, and the South Field, an area located between and 
adjacent to the flyash areas (Figure 1.2-2). The contents of the waste units are described below. A 
detailed description of the nature and extent of contamination associated with Operable Unit 2 is 
provided in the Operable Unit 2 RI Report (DOE 1994~).  

Solid Waste Landfill - located on a 1.5-acre tract at the northeast corner of the waste storage 
area and northwest of the former production area. The solid waste landfill was used through 
early 1986 for the disposal of cafeteria wastes, rubbish, and other wastes from nonprocess 
areas. Materials that reportedly have been disposed of at the landfill include: nonburnable, 
nonradioactive solid wastes generated on site; nonradioactive, construction-related rubble; 
nonradioactive asbestos (double-bagged and bulk quantities); medical wastes; radioactively 
contaminated construction rubble; and radioactively contaminated soils used to cover exposed 
wastes. 
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* Lime Sludge Ponds - consist of two ponds, north and south. The north pond is an active, 
unlined pond located southeast of the waste storage area with approximate dimensions of 125 ft 
by 225 ft by 5.3 ft deep. This pond is approximately'90 percent full', with a freeboard depth of 
2 ft, and is partially covered with vegetation. Standing water that accumulates in the north 
pond is periodically pumped from the pond to the general sump. Spent lime sludges (primarily 
lime-alum and boiler plant blowdown) from the FEMP site water treatment plant operations 
have been conveyed to this active pond. Records do not indicate the routing of any hazardous 
chemicals or radioactive materials to this pond. 

South Lime Sludge Pond - is an inactive, dry, unlined pond located directly south of the north 
pond with approximate dimensions of 125 feet by 225 feet by 11.2 feet deep. This pond is 
retired and overgrown with vegetation. The use of this pond was similar to that of the north 
pond. Records again do not indicate the routing of any hazardous chemicals or radioactive 
materials to this pond. 

Active Flvash Pile - formerly received flyash from the coal-fired boiler plant at the FEMP site. 
This disposal area is located east of the running track and on the east side of the south 
construction road (Figure 1.2-2). The active flyash pile is a roughly hexagonal area of 
approximately 87,120 square feet (ft') with a maximum height of 40 ft. The storm sewer 
outfall ditch runs along the southeast side of the area. 

Inactive Flvash Pile - located approximately 3000 ft south/southeast of the waste storage area, 
northwest of the active flyash pile, and west of the South Field. The inactive flyash pile, 
which is no longer used, covers approximately 130,680 ft2 and is sparsely covered with soil 
and vegetation. 

South Field - located between the inactive and active flyash piles where construction rubble was 
dumped on the surface of the glacial overburden. The thickness of the f i l l  increases at the 
western and southern edges of the area to approximately 20 ft because material was dumped 
down the natural slope of an old meander scar. A review of the shallow trenches through the 
fill indicates that the material is predominantly soil with some rock and concrete and only 
occasional pieces of wood. The construction rubble deposited in the South Field contained low 
levels of radioactive materials. Results of trenching activities indicate that the buried materials 
are within the top 4 feet of soil. 
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concentrations of uranium-238 in all media (DOE 1994~).  
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1.2.2.1 Preferred Alternative for Ouerable Unit 2 
Contaminated material with concentrations above the expanded trespasser aqd on-property resident 
farmer cleanup levels would be excavated and segregated according to radiological contamination. 
The contaminated material would be placed in an on-site disposal cell in the southeast corner of the 
FEMP site. Any firing range soil that fails the Resource Conservation and Recovery Act (RCRA) 
toxicity characteristic leaching procedure (TCLP) test would be managed as a RCRA hazardous waste 
and disposed of at an off-site mixed waste disposal facility. Water would be collected and pumped to 
a treatment facility, as necessary. Institutional controls would include physical barriers and 
groundwater monitoring. 

1.2.3 OPERABLE UNIT 3 
Operable Unit 3 includes the former production area and all above-ground and below-ground 
production-associated facilities and equipment, encompassing structures, utilities, drums, tanks, solid 
waste, waste, product, thorium, effluent lines, wastewater treatment and fire training facilities, scrap 
metal piles, feedstock, and coal pile. 

The production of uranium metal products at the FEMP site involved a series of chemical and 
metallurgical conversions that occurred in nine specialized plants within Operable Unit 3. A number 
of other buildings housed support operations. Each of these facilities had a distinct purpose, resulting 
in important differences in the process operations, chemical forms, and types of individual 
conveyance, storage, and containment units associated with the respective facilities. The potential 
contaminants resulting from production activities are listed in Table 1.2-1. Solid waste materials 
associated with uranium metals production are presently stored on property in steel drums, awaiting 
further processing or off-property disposal at approved facilities. These wastes include oils, sludges, 
contaminated combustibles, filter cake, off-specification uranium or thorium tetrafluoride, and reject 
uranium trioxide. The drums sit on various pads or in warehouses and are inspected weekly. 
Contents of deteriorated drums are repackaged. Other drummed wastes on contained surfaces include 
spent degreasing solvents and material contaminated with polychlorinated biphenyls (PCBs). 
Estimated volumes of potentially contaminated materials are listed by component in Table 1.2-2. 

1.2.3.1 Leading Remedial Alternative for ODerable Unit 3 
The LRA for Operable Unit 3 involves the removal, treatment/ decontamination, and disposal of 
contaminated buildings and structures to reduce the potential for contaminant migration. 
Decontamination and treatment residues would require further treatment and disposal. Contaminated 
materials will be disposed of in an on-property, engineered above-ground disposal facility, and clean 
materials will be free released for reuse or recycling. The selection of this leading remedial 
alternative is based on limited characterization and engineering study data and may change. This 
alternative also includes continued federal ownership of the land to control future land use. 
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TABLE 1.2-1 

OPERABLE UNIT 3 FWFS ANALYTE LIST 

Radionuclides 
Isotopic uranium 
Isotopic thorium 
Isotopic plutonium and 241 
Radium-226 and 228 
Neptunium-237 
Americium-24 1 
Cesium- 137 
Strontium-90 
Lead-2 10 
Polonium-210 
Technetium-99 
Alphameta Screening 

TAL Organics 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 
Cyanidea 

TCL Semivolatile Organics 
1 ,2-Dichlorobenzene 
1,2,4-TrichIorobenzene 
1.3-Dichlorobenzene 
1,4-Dichlorobenzene 
2-Chloronapthalene 
2-Chlorophenol 

TCL Semivolatile Organics 
{Continued) 
2-Methylnaphthalene 
2-methyl phenol 
2-Nitroanilene 
2-Nitrophenol 
2,2-0xybis-( l-chloroprane) 
2,4-Dichlorophenol 
2,4-Dimethylphenol 
2.4-Dinitrophenol 
2.4-Dinitrotoluene 
2,4,5-TrichlorophenoI 
2,4,6-TrichlorophenoI 
2.6-Dinitrotoluene 
3-Nitroaniline 
3.3-Dichlorobenzidine 
4-Bromophenyl-phenyl ether 
4-Chloro-3-methylphenol 
4-Chloroaniline 
4-Chlorophenyl-phenyl ether 
4-Methylphenol 
4-Nitroaniline 
4-Nitrophenol 
4,6-Dinitro-2-methylphenol 
Acenaphthene 
Acenaphthylene 
Anthracene 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(g ,h. i)perylene 
Benzo(k)fluoranthene 
bis(2-Chloroethyl) ether 
bis(2-Chloroethoxyl) methane 
bis(2-Ethy1hexyl)phthalate 
Butylbenzyl phthalate 
Carbazole 
Chrysene 
Dibenzofuran 
Dibenzo(a,h)anthracene 
Diethylphthalate 
Dimethylphthalate 
Di-n-buty lphthalate 
Di-n-octy lphthalate 
Fluoranthene 
Fluorene 
Hexachlorobenzene 
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TCL Semivolatile Organics 
{Continued) 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
Hexachloroethane 
Ideno( 1.2,3-cd)pyrene 
Isophorone 
Napthalene 
Nitrobenzene 
N-Nitroso-di-n- 
dipropy lanine 
N-Nitrosodiphenylamine 
Pentachlorophenol 
Phenanthrene 

TCL PCBs 
Phenol 
Pyrene 
Aroclor- 10 16 
Aroclor-1221 
Aroclor-1232 
Aroclor-1242 
Aroclor-1248 
Aroclor- 1254 
Aroclor- 1260 

TCL Volatile Organics 
1,l-Dichloroethane 
1,l-Dichloroethene 
1 , 1 ,l-Trichloroethane 
1.1,2-Trichloroethane 
1.1,2,2-Tetrachloroethane 
1 ,2-Dichloroethane ' 

1.2-Dichloroethene (total) 
1.2-Dichloropropane 
2-Butanone 
2-Hexanone 
4-Methyl-2-pentanone 
Acetone 
Benzene 
Bromodichloromethane 
Bromoform 
Bromomethane 
Carbon disulfide 
Carbon tetrachloride 
Chlorobenzene 
Chloroethane 

TCL Volatile Organics 
(Continued) 
Chloroform 
Chloromethane 
cis- 1,3-DichIoropropene 
Dibromochloromethane 
Ethyl benzene 
Methylene chloride 
Styrene 
Tetrachloroethene 
Toluene 
Total xylenes 
trans- I ,3-Dichloropropene 
Trichloroethene 
Vinyl chloride 

TCLP Metals 
Arsenic 
Barium 
Cadmium 
Chromium 
Lead 
Mercury 
Selenium 

TCLP Semivolatile Orvanics 
Silver 
1,4-Dichlorobenzene 
2.4-Dinitrotoluene 
Hexachlorobenzene 
Hexachloroethane 
Hexachloro- 1.3-butadiene 
Nitrobenzene 
Pentachlorophenol 
Pyridine 
2,4,5-TrichlorophenoI 
2,4,6-TrichlorophenoI 
o-Cresol 
m-Cresol 
p-Cresol 

TCLP Volatile Organics 
Benzene 
Carbon tetrachloride 
Chlorobenzene 
Chloroform 
2-Butanone 



TCLP Volatile Oreanics 
JContinued) 
1,2-DichIoroethane 
1,l-Dichloroethylene 
Tetrachloroethylene 
Trichloroethylene 
Vinyl chloride 
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TABLE 1.2-1 (Continued) 
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TABLE 1.2-2 

ESTIMATED VOLUMES OF OPERABLE UNIT 3 COMPONENTS 

Material Category Volume (ft') 

Concrete 3,307,087 

Accessible metals 83,663 

Inaccessible metals 15 1,929 

Process related metals 2,157,416 

Painted light gauge metals 22,118 

Nonregulated asbestos containing 55,969 
material 

Regulated asbestos containing 12,323 
material 

Miscellaneous 185,936 

' Total 5,97644 1 

The following processes would occur: 

Removal - Buildings and structures will be mechanically removed in a health protective fashion 
and in compliance with ARARs. Waste segregation technologies will be employed to facilitate 
waste handling, treatment, packaging, and disposition/disposal. Limited in-place 
decontamination is anticipated for all materials exhibiting gross removable contamination in 
order to reduce worker exposures and minimize off-property release during 
demolitioddismantlement. Soil will be removed using mechanical equipment and processed as 
described in the Operable Unit 5 representative alternative (Section 1 . 2 3 . 1 ) .  Equipment, 
drums, waste, and product will be removed, treated, and/or packaged to meet risk-based PRGs 
and ARARs. 

Waste Treatment/Decontamination - Treatment options for containerized waste and bulk soil 
materials include the application of a wide range of technologies commensurate with the large 
quantities and types of waste and product materials in Operable Unit 3. Treatment options for 
containerized waste and bulk material include soil washing, cement-based stabilization, and 
vitrification. Equipment and building materials will be decontaminated, employing a range of 
available technologies including dry concrete scabbling, acid washing, and grit blasting. Soil 
will be treated as described in the Operable Unit 5 representative alternative. Ongoing 
treatability programs for the other four FEMP site operable units may provide important 
information pertinent to a number of the envisioned Operable Unit 3 waste types. Additional 
treatability studies are envisioned to support Operable Unit 3 to demonstrate the effectiveness 
of specific treatment and decontamination options. 
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On-Prouertv Disuosal - Following treatment, volume reduction, and/or packaging, the resultant 
stable waste will be transferred from a temporary holding area to an on-property disposal 
facility at the FEMP site. The disposal facility would include a series of above-grade 
reinforced concrete vaults, which will be underlain by a leachate collection and detection 
system and covered by a multimedia cap. 

Free Release/Recvcle - Decontamination will be employed to the extent practical to maximize 
reuse and recycling of materials and minimize the requirement for disposal. Materials meeting 
free release criteria of DOE Order 5400.5 may be distributed for recycling or reuse to 
commercial vendors or disposed of at public landfills. Some materials may be released to 
other DOE facilities for controlled recycling and reuse. 

1.2.4 OPERABLE UNIT 4 
Waste units in Operable Unit 4 consist of two earthen-bermed concrete silos (Silos 1 and 2) 
containing K-65 residues (high-specific-activity radium-bearing residues resulting from the pitchblende 
refining process), one concrete silo containing metal oxides (Silo 3), and one unused concrete silo 
(Silo 4). All the silos are located south of the waste pit area (Figure 1.2-1). The domed waste 
storage silos measure 80 ft in diameter, 36 ft high to the center of the silo dome, and 27 ft to the top 
of the vertical walls. The walls are 8 inch thick concrete as are the outer part of the domes, which 
taper to 4 in in thickness at the center. Silos 1 and 2 are surrounded by an earthen berm to a height 
of approximately 26 ft, while Silos 3 and 4 are freestanding. 

Silos 1 and 2 received radium-bearing residues, formed as by-products of uranium ore processing, 
from 1952 to 1958. Waste raffinates were pumped into the silos where the solids would settle. The 
free liquid was decanted through a series of valves placed at various levels along the height of the silo 
walls. Settling and decanting continued until the silos were filled to approximately 4 ft below the top 
of the vertical walls. Table 1.2-5 details the volumes and types of wastes associated with Operable 
.unit 4. 

Corrective actions have been performed to maintain the integrity of Silos 1 and 2. These included 
repairing the walls, constructing a berm on a 1.5 to 1 slope (mid-l960s), and enlarging the berm to a 
3 to 1 slope in the early 1980s. In 1985, a structural assessment was performed which revealed that 
the walls and base slab were structurally stable and could function as a containment of dry solids for a 
period of 10 to 15 years. However, the center 2 0 4  section of the dome was determined to be 
structurally unsound for a load greater than the existing static load. Remedial actions taken since 
1985 include placement of protective covers constructed of steel and plywood over the center portion 
of each silo dome. A 3 in. layer of rigid polyethylene foam, topped by a 45-mil waterproof, 
ultraviolet-resistant, urethane-finish coating, was placed over each silo dome in 1987 to provide 
weather protection and insulation. A radon treatment system was implemented for this project to 
reduce radiation exposure to the workers during the installation process. In 1991, a layer of bentonite 
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1 clay was inserted over the residues in Silos 1 and 2 to reduce radon levels in the silos and to provide 
protection in the event of silo dome collapse (this was done under a removal action). 

i 

1 

Silos 3 and 4 were constructed in 1952 and were designed to receive dry materials only. Waste 3 

raffinate slurries from refinery operations were dewatered in an evaporator and spray calcined to 
produce a dry waste form for storage in the silo. The waste was blown in under pressure to fill 
Silo 3. Silo 4 was never used and, except for rainwater infiltration, remains empty. 

4 

5 

6 

1.2.4.1 Preferred Alternative for ODerable Unit 4 
There are three preferred alternatives for the remediation of Operable Unit 4. Two of the preferred 
alternatives, for the contents of Silos 1 and 2 and for Silo 3, involve the removal of the silo contents, 
stabilization by vitrification, and off-site disposal at the Nevada Test Site (NTS). In the third 
alternative, the silo structures (including Silo 4), berms, subsoil beneath Silos 1 and 2, decant sump 
tank, process piping, and process piping trenches would be removed, decontaminated, and disposed in 
an on-property disposal facility. Additional details on these alternatives are provided in Section 4.0 
of the FS Report for Operable Unit 4 (DOE 1994b). 
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TABLE 1.2-3 

~- 

r! . OPERABLE UNIT 4 WASTES 

Volume (yd3)(m3) 

Component Silo 1 Silo 2 Silo 3 

BentonitelGrout Cover 4651356 41 11314 N A ~  

K-65 Residues 429 1 I328 1 372012844 NA 
Calcine NA NA 520013976 

Structures 

Material Below Silos and Bermsb 

4601352 

2301 176 

4601352 

60146 

4601352 

5001382 

Contaminated Soil 30 ,00Oc/4664 NA NA 

Totald 544614 164 465 113556 6 160147 10 

a NA = Not Applicable. 
Includes gravel, asphalt, clay, pipes, and decant sump tank 
Total for Silos 1 and 2. 
Does not include contaminated soil. 
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1.2.5 OPERABLE UNIT 5 

The components of Operable Unit 5 include groundwater, perched water, surface water, soil, 
sediment, flora, and fauna and are described in detail in the SWCR (DOE 1993). Estimates of 
quantities of groundwater and soil requiring remediation are provided in this FS Report. 

1.2.5.1 ReDresentative Alternative for ODerable Unit 5 
The representative alternative for Operable Unit 5 involves the extraction of contaminated 
groundwater, treatment at an on-property facility, and discharge of the treated effluent to the Great 
Miami River through the newly constructed effluent line. The representative alternative also involves 
the excavation of contaminated sediment/soil necessary to meet risk-based PRLs and ARARs, and 
transport of soil/sediment to an on-property engineered disposal facility. 
assumes continued federal ownership of the land to control future land use. The following processes 
would occur: 

This alternative also 

Groundwater Extraction - Five recovery wells, installed in the regional aquifer as part of the 
South Plume removal action, will be supplemented with several additional wells. Each well is 
estimated to produce an average flow rate of 650 gallons per minute (gpm). Groundwater - 
extraction will continue until risk-based PRGs and ARARs for the regional aquifer are met. 

Perched groundwater will be extracted using french drains, a wellpoint system, and extraction 
wells. Perched groundwater extraction will continue until risk-based PRGs and ARARs for 
perched groundwater are met. 

Groundwater Treatment - Groundwater treatment will include a carbon adsorption pretreatment 
step, followed by precipitation for metals removal, ion exchange for uranium removal, and 
sludge dewatering. The system may be designed to process up to 8000 gpm, reducing 
contaminant concentrations to levels necessary to meet risk-based PRGs and ARARs. The 
treated water will be discharged to the Great Miami River. The sludge generated by the 
treatment system will be stabilized as necessary and disposed of in an on-property disposal 
facility. 

Soil Removal - Soil will be excavated using traditional heavy construction equipment and 
techniques. Some deviations from standard excavation techniques may be necessary for 
excavation around and under facilities that may remain after Operable Unit 3 remediation. Soil 
in the contaminated zones will be excavated to meet risk-based PRGs and ARARs. The 
excavated soil that contains constituents below the remediation goals (based upon analysis) will 
be separated and used as backfill. 

On-ProDertv DisDosal - Following treatment, volume reduction, and packaging, the resultant 
stable waste will be transferred from a temporary holding area to an on-property disposal 
facility. The disposal facility is envisioned to include a series of above-ground reinforced 
concrete vaults, which will be underlain by a leachate collection and detection system and 
covered by a multimedia cap. It is estimated that approximately 13,800,000 yd3 will be 
disposed of on property. 
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Off-Propertv Disposal - Wastehoil which does not meet the waste acceptance criteria for the 
on-property disposal facility will be transported via truck to an off-property disposal site. 
estimated that approximately 2,840,000 yd3 of material will be transported off property for 
disposal. 4 

I 4 
It is 2 

3 
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1.3.0 CUMULATIVE IMPACTS OF PROPOSED ON-PROPERTY ACTIONS 

Current scheduling indicates that all of the operable units have potential for concurrent 
implementation during some portion of the remediation activities (Figure 1.3-1). A discussion of the 
more significant environmental cumulative impacts due to concurrent implementation of remedial 
activities follows. 

1.3.1 SOIL AND GEOLOGY 
The mechanical and/or hydraulic removal of pit wastes, soil, buildings, and other structures from the 
former production area poses a potential short-term threat of releases through subsurface soil to 
groundwater. Adverse impacts could result if there is a breach of a pit liner during the removal 
process or if loose contamination is released from the structures. If contaminants remain on the 
ground surface for extended periods of time, infiltration of rainwater or storm water runoff could 
cause migration of the contaminants into the subsurface soil. However, appropriate excavation 
techniques and controls such as routine covering of excavated areas will minimize the potential for 
these impacts. 

Removal of wastes from Silos 1, 2, and 3 would temporarily disturb approximately 8.0 acres of soil. 
Disturbed areas would be regraded and returned to their previous elevations following remediation. 
Construction of a disposal facility for silo structures and berm soil would result in the permanent 
disturbance of approximately 11.6 acres of soil, approximately 1 .O percent of the land area of the 
FEMP site. No impacts are anticipated on the regional geology of the area as a result of operable 
unit remedial activities. 

The preferred alternative for Operable Unit 1 would result in the temporary disturbance of 
approximately 36.4 acres of land due to the excavation of the waste pits and associated soil. 
However, these areas would be regraded and evaluated to promote positive drainage. Furthermore, 
the preferred alternative for Operable Unit 1 does not involve on-property disposal, thereby resulting 
in no long-term impacts to soil and geology. 

The preferred alternative for Operable Unit 2 involves on-property disposal for all five waste units 
comprising Operable Unit 2. This would result in temporary impact to approximately 75 acres and 
the permanent commitment of approximately 23 acres for on-property disposal. The construction of a 
storm water control channel associated with the disposal cell would result in approximately 35 acres 
of permanent land commitment. 

When the preferred alternatives selected in the Operable Units 1, 2, and 4 FS reports are combined 
with the leading remedial alternative for Operable Unit 3 and the representative alternative for 
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Operable Unit 5 ,  it is likely that approximately 517.2 acres will be disturbed during remediation, with 
208 acres permanently committed to disposal. 

Adverse impacts on surface soil could occur during waste removal, segregation, and treatment. There 
is the potential for spills to occur during the handling and packaging of waste as well as during 
transport to the treatment facility. Spills would be expected to affect only localized areas, and surface 
soil contaminated by a spill could be excavated and disposed of with the waste material. Therefore, 
impacts on surface soil from spills would likely be minor. Appropriate spill prevention and response 
procedures will ensure impacts related to spills are negligible. 

The removal of contaminated structures from the former production area, along with waste treatment 
and decontamination, should have beneficial long-term effects on both surface and subsurface soil due 
to the removal of contaminant sources. Pumping and treatment of the contaminated perched and 
regional groundwater should stop contaminant migration in the subsurface soil. 

1.3.2 WATER QUALITY AND HYDROLOGY 
Adverse impacts to both the perched groundwater and the regional aquifer would not be increased by 
concurrent remedial activities. The possibility of contaminant migration to the aquifer exists during 
any remedial activity, whether the activities are performed individually or concurrently. The rate at 
which contaminants are supplied to the regional aquifer may be increased with concurrent remediation 
activities, but the overall contaminant load would remain the same. The EPA proposed drinking 
water standard for uranium in drinking water is 20 parts per billion (ppb) (EPA 1986). 

Groundwater monitoring will continue throughout remedial actions and upon completion of remedial 
actions to ensure that areas exceeding the standards are identified and appropriate response actions are 
implemented. Long-term groundwater quality should improve through implementation of the 
preferred and leading remedial alternatives since FEMP wastes will be eliminated and/or isolated from 
rainwater and storm water runoff, preventing the potential infiltration of these contaminants to 
perched groundwater and the regional aquifer. Any hazardous waste disposal facility would comply 
with the requirements specified in the facility permit for the uppermost aquifer underlying the waste 
management area beyond the point of compliance. The concentration of chemicals in groundwater 
should not exceed background levels of the listed maximum concentration of the constituent for 
groundwater protection (10 Code of Federal Regulations [CFR] 264.94). 

The findings of the Operable Unit 5 Comprehensive Response Action Risk Evaluation (CRARE) 
(Appendix H) identified the consumption of drinking water obtained from wells drilled into the 
groundwater as the greatest pathway of exposure to a hypothetical on-property resident farmer. 
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Groundwater modeling in the CRARE predicted that the highest cancer risk in this pathway would be 
associated with arsenic leaching from site-wide soil. However, the carcinogenic risk levels associated 
with the groundwater pathway under the Case 7 land use scenario are within the target risk range of 
lo4 to lo4 to the undeveloped park users and off-property resident farmer receptors. 

Groundwater monitoring will continue throughout and upon completion of remedial actions to ensure 
that areas exceeding the standards are identified and appropriate response actions are implemented. 

1.3.2.1 Surface Water 
The simultaneous implementation of remedial alternatives would potentially increase surface water 
quality impacts over those which would normally be expected from implementation of a single 
project. Impacts to surface water quality in Paddys Run could result during removal of Operable Unit 
2 waste units; during removal, treatment, and on-property disposal of Operable Units 3 and 5 wastes; 
and during the removal, decontamination, and on-property disposal of Silos 1, 2, and 3 structures, 
berms, and soil in Operable Unit 4. Short-term impacts resulting from these activities may include 
contaminated runoff entering Paddys Run; erosion of exposed wastes and the subsequent influx of 
contaminated soil into the stream during waste removal; and increased stream turbidity resulting from 
excavation of contaminated sediment and relocation of portions of the stream. However, appropriate 
engineering controls would be implemented to control runoff and other impacts to Paddys Run. The 
use of silt fences, straw bales, and other drainage and erosion control measures would be particularly 
critical as part of the remedial activity for the inactive flyash pile (Operable Unit 2) and silo 
remediation (Operable Unit 4). 

Over the long term, surface water quality in Paddys Run should improve since FEMP wastes will be 
isolated from rainwater and storm water runoff, thus eliminating the potential migration of 
contaminated material into Paddys Run. No cumulative impacts on the Great Miami River are 
anticipated from the simultaneous implementation of the remedial alternatives. All effluents produced 
by the remedial alternatives will be treated to comply with FEMP NPDES permit limits and 
conditions before discharge to the Great Miami River. 

1.3.3 AIR OUALITY 
Cumulative air quality impacts will be based on projected emissions from the remedial alternatives for 
each of the operable units at the FEMP site. The emissions of primary short- and long-term concern 
with respect to ambient air involve the reentrainment of radiologically contaminated fugitive dust and 
the volatilization of toxic chemicals. 
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1 Remedial alternatives that involve substantial waste handling, excavation, ground clearing, demolition, 
cut-and-fill operations, loading/unloading trucks, or heavy equipment traffic have the potential to 
generate radiologically contaminated dust and other waste constituents. During these activities, 
periods of turbulent wind conditions can resuspend particles of disturbed surface materials (e.g., 
contaminated soil) in ambient air and transport them to on- and/or off-property receptors. The 
amount of dust resuspended depends on wind speed and other site conditions such as soil moisture, 
particle size, and vegetative cover. 

The potential for long-term residual risks associated with the FEMP site in a postremediation 
condition is evaluated in the CRARE, Appendix H. 

Additional potential airborne pollutants associated with remedial activities at the FEMP site include 
inorganic constituents, volatile organics, semivolatiles, PCBs, dichlorodiphenyl trichloroethane 
(DDT), herbicides, radionuclides, and radon. Emissions of these pollutants could result from the 
removal and handling of volatile or semivolatile wastes, waste segregation activities, and vitrification 
processes. 

In the past, radon has been a significant portion of the annual dose to the public adjacent to the FEMP 
site. Until remedial activities are complete, DOE Order 5400.5 regulates radon concentrations in the 
atmosphere above facility surfaces or openings at and adjacent to the FEMP. When added to 
background levels, the concentrations mandated by DOE Order 5400.5 must not exceed an annual 
average concentration of 30 picocuries per liter (pCi/L) at the facility and 3 pCi/L at or above any 
location outside the facility. Once remedial activities have been completed, the National Emissions 
Standards for Hazardous Air Pollutants (NESHAP) Subpart Q standard (40 CFR 61 Subpart Q) of 
20 pCi/m2/s for radon-222 will be applied to site storage and disposal areas for radon-producing 
wastes. An active monitoring system has been in place at the FEMP site since the early 1980s. As a 
point of comparison, the average site boundary total radon concentration of 0.57 pCi/L in 1992 was 
about 29 percent of the average indoor radon concentration (2.0 pCi/L) for homes 'in the Cincinnati 
area. Monitoring will continue throughout the remedial activities and upon completion of remedial 
activities (as appropriate) to ensure that radon levels remain in compliance with all applicable 
regulations. 

B 

Guidelines for concentrations of radionuclides other than radon-222 are also established by DOE 
Order 5400.5. These concentrations, referred to as derived concentration guidelines (DCGs), are 
concentrations of radionuclides that, under conditions of continuous exposure for one year by one 
exposure mode, would result in a dose of 100 rem. In addition to the DCGs, radiologic emissions to 
the ambient air from the FEMP site will also be subject to the NESHAP Subpart H standard D 
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4 (40 CFR Part 61 Subpart H), which stipulates that radiological emissions from the site cannot exceed 
those amounts that might cause any member of the public to receive an annual effective dose 
equivalent (EDE) of 10 rem per year. Monitoring of the air pathway for radionuclides during the 
FEMP site remedial activities will continue to ensure that emission levels do not exceed applicable 
DCGs or the NESHAP Subpart H standard. 

The impacts associated with the generation of fugitive dust and the volatilization of toxic chemicals 
tend to be short term. Cumulative air quality impacts that would occur during phases of remedial 
activity at the FEMP site would include pollutants generated off property as well as those generated 
on property. Although there are no major sources of pollutants in the vicinity of the FEMP site, 
there would be an increase of transportation-related particulates generated off property by the large 
number of trucks necessary to supply construction materials for the disposal facility. In addition to 
particulates generated on property by disposal facility construction, filling, soil excavation, and 
closure, the cumulative air quality impact would also depend on: 1) the remedial alternatives chosen, 
2) the remediation schedule (e.g., the extent of simultaneous remedial activities across the FEMP 
site), 3) the mitigating measures or controls chosen, and 4) their effectiveness. Typical control 
methods for various remedial activities and qualitative evaluations of their effectiveness, advantages, 
and disadvantages are included in the Operable Unit 4 FS Report, Appendix I, Attachment 1.1, 

Table 1.1-3 (DOE 1994b). 

1.3.4 BIOTIC RESOURCES 
Cumulative impacts on vegetation could result from short- and long-term removal and disturbance of 
habitat associated with remediation of contaminated soils and waste units; construction of staging 
areas, support facilities, and the disposal facility; and general physical disturbance of soil. The 
removal of Operable Unit 2 waste areas would result in the permanent disruption of approximately 
15.8 acres of introduced grassland, managed field, and old field habitats. Construction of on-property 
disposal facilities for Operable Units 3, 4, and 5 could also disturb introduced grasslands, old field, 
and mid-successional and riparian woodland habitats. Construction of on-property disposal facility(s) 
for Operable Units 3, 4, and 5 would result in a total loss of approximately 196 acres. Construction 
of support facilities would have a similar impact, although restoration may be possible once wastes 
are removed from the FEMP site. 
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b Concurrent implementation of remediation activities could have impacts on wildlife primarily through 
the short- and long-term removal and disturbance of habitat as described above, with correlated 
reductions in local wildlife populations. Cumulative impacts on wildlife would differ from the 
impacts of these same preferred or leading remedial alternatives considered separately. For example, 
if remedial activities were spread out over time, adjacent undisturbed areas could provide refuges for 
displaced wildlife. These "safe" areas would not be available if activities are conducted 
simultaneously. Cumulative project-related noise and increased levels of human activity could disrupt 
nearby wildlife. However, it is not expected that wildlife will be permanently displaced from the site. 

Cumulative impacts on aquatic organisms from remedial actions involve the potential contamination of 
Paddys Run, the Great Miami River, and various drainageways, floodplains and wetland areas. 
Potentially affected aquatic organisms include fish, invertebrates, amphibians, reptiles, and 
semiaquatic species such as muskrats. Loss of habitat or contaminant exposure could also lead to a 
reduction in species biodiversity. 

Levels of contaminants could increase in Paddys Run and wetland drainage areas from soil erosion 
and runoff during concurrent waste removal, stabilization, and isolation activities. Additionally, 
disruption of aquatic habitat in these areas from the excavation of contaminated sediments for 
Operable Unit 5 could adversely affect organisms residing in this area. Small affected areas in 
Paddys Run and the wetland drainages resulting from isolated remedial actions would probably 
recover quickly, but recovery from simultaneous impacts over a larger area would likely require a 
much longer time to restabilize. Adverse cumulative impacts on aquatic organisms could be 
substantially mitigated by diversion and collection of runoff and by performing removal activities 
when flow in Paddys Run and the storm sewer outfall ditch is low or nonexistent. 

) 

Waste removal, stabilization, and isolation activities conducted for Operable Unit 1, combined with 
the concurrent siting of an on-site disposal facility in this area of the site, would likely result in 
short-term adverse cumulative impacts on the organisms in the wetland drainages in this area. 
Long-term, negative effects on aquatic organisms would be minimized if the areas were revegetated to 
prevent erosion after completion of the activities. Of particular concern is the 26-acre tract of 
forested wetlands in the northern portion of the FEMP site. This area would be avoided as much as 
possible. The cumulative effects would be beneficial in the long term by reducing or eliminating 
exposure to wastes. 

1.3.4.1 Threatened and Endawered Species 
Cumulative impacts on threatened and endangered species potentially include the potential loss of 
habitat, disruption of breeding activities, and loss of individuals. Disturbances in the riparian corridor 
along Paddys Run could result in impacts to the Sloan's crayfish (Orconectes sloanii) and habitat of B 
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the Indiana bat (Myofis sodalis). The use of relocation and erosion control measures will be 
employed to minimize short-term adverse impacts on Sloan's crayfish. In the long term, the 
cumulative impacts of FEMP site remedial activities will be beneficial due to the prevention of 
releases of contaminants into the environment. 

1.3.5 WETLANDS AND FLOODPLAINS 
A site-wide delineation was conducted in February 1993 in accordance with the 1987 Army Corps of 
Engineers Wetlands Delineation Manual and approved on August 12, 1993. The purpose of the 
delineation was to determine the extent of jurisdictional wetlands and waters of the United States at 
the FEMP site and to avoid or minimize impacts to these resources during future activities. Results 
from the site-wide delineation indicate a total of 35.9 acres of jurisdictional freshwater wetlands on 
the FEMP site. Wetland impacts as a result of remedial activities would be minimized by 
implementing best management practices during and following remediation. Proper notification and 
mitigative measures would be executed if impacts are expected to occur. 

Cumulative wetland impacts may also arise from the implementation of the remedial alternatives, 
particularly in the forested wetland in the northern part of the site and the various emergent wetlands 
associated with site drainage ditches. The greatest wetland impact could result from siting a disposal 
facility and from excavation during waste removal and construction activities. Proposed DOE actions 
in these wetlands would first be evaluated for potential adverse effects to the wetlands 
(10 CFR 1022), and consideration would be given to natural and beneficial values provided by the 
wetlands when considering mitigation alternatives to offset the impacts. Appropriate federal register 
notifications as required under 10 CFR 1022 would take place for all actions affecting wetlands. 

Floodplains within the FEMP property are confined to the north-south corridor containing Paddys 
Run. Outside the boundaries of the FEMP, the 100- and 500-year floodplain of the Great Miami 
River extends west of the big bend to an elevation near the eastern boundary'of the facility. 
The 100- and 500-year floodplain of the river also extends northward along Paddys Run from the 
confluence of the two streams to a point north of the northern boundary of the FEMP. During 
remediation, some impact to the 100-year and 500-year floodplain of Paddys Run may occur due to 
excavation activities. In extreme cases, the relocation of Paddys Run and the floodplain may be 
necessary. During remedial action, engineering controls (e.g., silt fences and berms) will be used to 
minimize floodplain impacts. In cases where relocation is required, the floodplain will be 
reestablished to near original condition. 

1.3.6 SOCIOECONOMICS AND LAND USE 
Overlap in the implementation of remedial activities for the operable units could magnify the impacts 
resulting from the remediation of a single waste unit or operable unit. The following is a discussion 
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b of potential impacts of concurrent remedial activity at the FEMP site on the local economy, land use, 
noise levels, transportation systems, and community services. 

1.3.6.1 Economic Activity 
The maximum number of workers that would be required for implementation of preferred or leading 
remedial alternatives for each operable unit is expected to be small. Although the scope of work may 
be large, the work is usually expected to be completed by multiple small crews working over a long 
period of time. For example, the labor force required to construct the on-property disposal facility is 
estimated at a maximum of 155 persons per day over the 20-year life span of the project. More 
specific impacts on the local economy will be estimated as detailed cost estimates are made and will 
be reported in the Operable Unit 3 FS Report. 

Overall levels of employment at the FEMP site are expected to remain relatively consistent throughout 
the remedial process. Existing on-site workers will be used to the extent possible. However, it is 
expected that specialized personnel will be brought in during remedial activities to acquire needed 
skills. 

One sector of the local economy that would experience direct impacts resulting from remedial activity 
at the FEMP site would be wholesale and retail sales, with particular emphasis on the provision of 
backfill and construction materials such as concrete, aggregate, and lumber. These impacts would be 
most felt with the initiation of on-property disposal alternatives. For example, construction material 
requirements for the disposal facility would be substantial (Parsons 1992). Indirect impacts to 
employment in these sectors would also be likely. 

1 

1.3.6.2 Land Use 
A number of acres that contain prime agricultural soil are located within the boundaries of the FEMP 
site; however, this land is not designated as prime farmland. Prime farmland is defined by the proper 
combination of current cultivation (which is lacking at the FEMP), soil, slope, length of growing 
season, and rainfall to allow the production of sustained crop yield with the least effort. The 
construction of an on-property disposal facility would result in an irretrievable loss of some of this 
soil. However, requirements for land meeting the definition of prime farmland will not be applicable. 

1.3.6.3 Noise 
Noise is defined as unwanted or undesirable sounds that have an adverse effect on human beings and 
their environment including land, structures, natural wildlife, and ecological systems (Canter 1977). 
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The measurements of noise are expressed in a logarithmic ratio of sound pressure referred to as the 
sound pressure level and are quantified using the term "decibel" (dB). To obtain a representative 
sound level containing a wide range of frequencies that humans respond to, the "sound pressure level" 
is A-weighted resulting in the term dBA. Normal human hearing capabilities range from 0 dBA (the 
threshold of hearing) to 140 dBA.(a jet plane on the ground at 20 ft). 

With a population density of 917 residentdsquare mile combined with the presence of industry in the 
area, land use within a 5 mi radius around the FEMP site could operationally be classified as 
agricultural/quiet residential. This classification provided by Canter (1977), combined with noise 
level data recorded by the Westinghouse Environmental Management Company of Ohio in 1991, 
indicate that the current average background noise level within the 5 mi radius is approximately I 

50 dBA. I 

Noise levels at the FEMP site are expected to fluctuate according to the type of activity being 
conducted. Typical activities would include heavy equipment operation, organization and placement 
of dismantled building materials, waste treatment operations, general construction traffic (e.g., waste 
and material shipments), and commuter traffic. 

Rather than increasing and decreasing in a linear fashion, noise propagating from a point source 
changes logarithmically. Consequently, for every doubling of the distance away from the source of I 

the noise, the sound level decreases by 6 DBA. Most remedial activities will take place towards the 
center of the FEMP site. An activity emitting a sound level of 100 DBA would decrease to 60 DBA 
once the sound wave reaches a resident one mile away from the sound source. This would result in a 
10 dBA sound level above the 50 dBA background sound level at the FEMP site. It is assumed that 
general construction noise might. be heard by the some of the surrounding communities; however, the 
noise levels for the closest resident would not increase more than 10 to 15 dBA over an eight-hour 
period. Although no sound barriers would be constructed during remedial activities, noise levels will 
be reduced through engineering controls. Noise levels for on-site workers will not exceed the 
85 dBA (Occupational Safety and Health Act 29 CFR Part 1910.95) standard through the 
implementation of the site noise conservation program currently enforced at the FEMP site. 

I 

I. 3.6.4 Transportation 
Possibly the greatest environmental impact both on site and to local residents from concurrent 
implementation of operable unit remediations at the FEMP site is from the increase in traffic flow. 
Transportation routes off property will be impacted by four categories of shipments: (1) transport of 
waste for off-site disposal either at the NTS or a commercial disposal facility, (2) bringing backfill 
and construction materials from off-site regional sources, (3) movement of waste and material within 
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site boundaries, and (4) a variety of wastes, hazardous materials, laboratory, and treatability samples 
which are to be disposed of during CERCLA removal actions. Included are: RCRA wastes, 
hazardous wastes, mixed waste, low-level waste, PCB-contaminated waste (currently stored on site 
and awaiting final disposal) and hazardous materials which resulted from past production operations 
(e.g., low-level residues, high-grade residues, orange oxide [UO,], green salt [UF,], uranium derbies, 
and refinery feedstock currently awaiting final disposition). Facilities that are to receive and ship the 
waste, hazardous materials, and samples include, but are not limited to, the following: privately 
owned, licensed treatment and disposal facilities; privately owned laboratories; privately owned 
nuclear facilities; and federal facilities (e.g., other DOE sites). 

Transuort of Waste for Off-Site Disuosal 
Operable Units 1 and 5 are likely to ship waste off property for disposal during concurrent 
implementation of remedial actions. Operable Unit 1 estimates 638 train shipments in five years, and 
Operable Unit 5 estimates approximately 833 truck trips over 22 years. These shipments will be 
completed before beginning work on Operable Units 1 and 5. The maximum monthly increase in 
truck traffic (Monday through Friday) would be three truck tripdmonth. Train traffic would increase 
by approximately 11 trains per month. 

Off-property disposal shipments for Operable Units 2 and 4 by rail and Operable Unit 3 by truck 
would be minimal and would not significantly increase waste shipments. 

Backfill from Off-Site Local Sources 
Backfill from off-site sources will be required for Operable Units 2, 4, and 5 .  Present estimates 
indicate 22,230 truck trips over 9.5 years for Operable Unit 2. Operable Unit 4 estimates are 
Is8 truck trips over six years, and 117,320 truck trips over 22 years are estimated for Operable 
Unit 5. The maximum daily increase would be approximately 40 truck trips per day transporting 
backfill to the FEMP site from off-site sources. 

1.3.6.5 Community Services 
Community services that could be affected by remedial activities include schools, health care 
facilities, housing, emergency and protective services, and water and wastewater treatment systems. 
Impacts to these services would primarily arise from relocating large numbers of workers during 
major activities such as the remediation. Because the employment requirements for FEMP site 
remediation are not expected to result in a major influx of workers during remedial activity, due in 
part to the work being'spread over time, no long-term impacts on these services are anticipated. 
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1.3.7 CULTURAL RESOURCES 
Any federal activity that may adversely affect a site or structure that is listed in the National Register 
of Historic Places (NRHP) or is considered eligible for inclusion in the NRHP must undergo rigorous 
scrutiny to ensure that the adverse effect is avoided. This examination is also necessary to determine 
potentially significant sites such as uncovered archaeological remains. To ensure that no resources 
will be affected by remedial activities in the other operable units, an archaeological survey of the 
property would be performed. The rainbow arch bridge over Paddys Run on Willey Road may be 
affected by transport of materials to the FEMP site. The Ohio Historic Preservation Office and the 
Ohio Department of Transportation would be contacted for consultation. Any additional construction 
proposed beyond the boundaries of the FEMP site would require an archaeological survey and 
consultation with state and national preservation officials before initiation. 
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1.4.0 AGENCIES CONSULTED AND RELATIONSHIP TO OBJECTIVES OF LOCAL, 
STATE, REGIONAL, AND FEDERAL LAND USE 

PLANS, POLICIES, AND CONTROLS 

During the development of the lead FS/PP-EIS for Operable Unit 4, a number of federal, regional, 
state, and local organizations were contacted for information or assistance. This information has been 
referenced herein for the Operable Unit 5 FS/PP-NEPA evaluation. Some of these agencies. were also 
contacted for consultation under 40 CFR 1502.16, which requires a discussion of “possible conflicts 
with the objectives of state, federal, regional, and local land use plans, policies, and controls” in 
environmental documents. Agencies were contacted under this provision to determine whether any 
conflicts would arise as a result of remedial activity at the FEMP site. No agency or organization 
that was contacted considered future remedial actions at the FEMP site to be in conflict with its land 
use plans, policies, or controls in the area. The following organizations were contacted: 

Federal 

U.S. Environmental Protection Agency 
U.S. Department of the Interior 
U.S. Department of Transportation 
Bureau of Land Management 
U.S. Fish and Wildlife Service 
Federal Emergency Management Agency 
Army Corps of Engineering, Louisville, KY District 

- State 

Ohio Environmental Protection Agency 
Ohio Department of Natural Resources, Wildlife Division 
Ohio Department of Transportation 
Ohio Department of Natural Resources, Division of Natural Areas and Preserves, Parks 
Department 
- Soil Conservation Service 
- 
- 
- 

Ohio Historic Preservation Office ‘ 

Ohio Department of Commerce, Data Users Center 
Ohio Department of Rehabilitation and Correction 

County 

Hamilton County Planning Commission 
Hamilton County Park District 
Hamilton County Engineer 
Hamilton County Cooperative Extension Service 
Butler County Planning Commission 
Butler County Park District 
Butler County Engineer 

FER\CRUS\APXS\APP-I\l-TEXTlNovanber 13. 1994 4:42pm 1-4- 1 
‘ ,  : l ( 4 ’ * ;  

2 

3 

4 

5 

6 

7 

8 ’  

9 

I O  

I I  

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 . i  

35 -.” 

36 

31 

38 

. .  
1 .  



I ./ I . 

FEMP45FS4 DRAFT 
November 14, 1994 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

a 

e 

e 

Butler County Cooperative Extension Service 
Butler County Treasury Office 
Hamilton County Treasury Office 
Warren County Auditors Office 
Clermont County Accounting Office 
Brown County Auditors Office 
Boone County (Kentucky) Auditors Office 
Gallatin County (Kentucky) Auditors Office 
Kenton County (Kentucky) Treasury Office 
Grant County (Kentucky) Treasury Office 
Campbell County (Kentucky) Payroll Office 
Pendleton County (Kentucky) Auditors Office 
Dearborn County (Indiana) Auditors Office 
Ohio County (Indiana) Treasury Office 

Regional 

Ohio-Kentucky-Indiana Regional Council of Governments - A regional planning agency 
involved in a variety of areas including water resources, solid waste management, population 
studies, public services management, transportation, and land use in the Greater Cincinnati 
area. 

Ohio River Valley Sanitation Commission - A group responsible for monitoring and reporting 
the water quality of the Ohio River and its major tributaries. 

Water Management Association of Ohio - An organization dedicated to supporting the 
development, conservation, control, protection, and use of Ohio’s water resources for 
beneficial purposes. 

Miami Conservancy District - A water conservation subdistrict responsible for the observation 
and evaluation of water resources in the area between Hamilton and New Baltimore. 

Miami Purchase Association for Historic Preservation 

Local 

Hillside Trust - A nonprofit organization dedicated to promoting the preservation and 
thoughtful use of the hillsides in the Greater Cincinnati area. 
Hamilton County Prisons 
Great Rivers Council, Girl Scouts of America 
Ross Township Trustees 

e Crosby Township Trustees 
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1.5.0 IRREVERSIBLE AND IRRETRIEVABLE COMMITMENT OF RESOURCES 

The implementation of the remedial alternatives for Operable Units 1 through 5 will result in the 
commitment of land, economic resources, and regional raw materials. The alternatives will require a 
commitment of resources to retain wastes on property. These alternatives could result in the 
restricted use of the land for thousands of years. The commitment of raw materials, economic 
resources, and some land is unavoidable for any alternative at the FEMP site. The irretrievable 
commitment of the site as a permanent waste facility needs to be examined carefully in terms of 
DOE’S hture policies in the waste management program. 

The following paragraphs will analyze these commitments, using information available at this time. 
Alternatives for Operable Unit 3 are in preliminary planning stages, and the total resources required 
for remedial alternatives are not developed. Therefore; the cumulative commitment of resources 
cannot be completely quantified at this time. The Operable Unit 3 FS report will update and expand 
this analysis. The purpose of the evaluation of resource commitment is to outline the major issues 
and tradeoffs to be considered in the final selection of remedial and waste management alternatives for 
the FEMP site. 

B Each remedial alternative will require some commitment of land, economic resources, and regional 
raw materials. The alternatives that require excavation, on-property treatment, and on-property 
disposal will require the highest commitment of land, economic resources, and regional raw materials. 
At least 517.2 acres of land would be disturbed during remediation operations. The waste that is 
removed (with the exception of most Operable Unit 4 and all Operable Unit 1 material) will be placed 
in an on-property disposal facility, which will require 208 acres of land at the 1050-acre site. 

Approximately 208 acres would be irretrievable and committed to the DOE waste management 
program and DOE ownership as a result of on-property disposal. The remaining 842 acres of site 
property could be made available for restricted use such as industrial or recreational (developed or 
undeveloped park). 

As part of the commitment of land at the FEMP, the subsequent loss of various types of habitat will 
likely occur. It is likely that a portion of the acreage committed to on-property disposal will be in the 
form of wetlands and various habitats. In addition, managed field habitat in the solid waste landfill 
would be lost as a result of containment activities. 
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If the FEMP site were to remain a permanent waste facility and part of the DOE waste management 
program, there would be a commitment to retain most of the wastes stored on property in a stabilized 
form. Some of the FEMP site will not be returned to its original agricultural condition. The facility 
will be monitored and the land will be controlled for an indefinite period of time. 
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D 1.1.0 DESCRIPTION OF OFF-SITE DISPOSAL AREAS 

1.1.1 Nevada Test Site 
The selected alternative for the Operable Unit 4 waste material calls for the disposal of wastes at an 
existing government facility located in an arid western environment. This facility is currently 
operating and accepting many types of U.S. DOE waste. An Environmental Impact Statement for 
waste disposal activities at the Nevada Test Site (NTS) is currently in process to satisfy the 
requirements of the National Environmental Policy Act (NEPA). Several disposal technologies are 
currently utilized at NTS (e.g., shallow land burial, burial in trenches, and disposal in large-diameter 
augured shafts). However, only shallow land burial is utilized for low-level waste, and mixed waste 
is not currently accepted at the facility. Because the facility is located in an area with an arid climate 
far from any population centers and significant water sources, it offers many advantages from a 
long-term risk standpoint. An interim on-site storage facility can be a part of this process option if 
the administrative and regulatory issues for off-site waste disposal have not been resolved at the start 
of remediation. The wastes could be transported to the facility by truck or rail as discussed elsewhere 
in this appendix. 

Human habitation of the NTS area ranges from as early as 10,000 B.C. to the present. Various 
aboriginal cultures occupied the NTS area over this extended period, as evidenced by the presence of 
artifacts at many sites and more substantial deposits of cultural material in several rock shelters. This 
period of aboriginal occupation was sustained primarily by a hunting and gathering economy based on 
temporary campsites and shelters. The area was occupied by Paiute Indians at the time of the first 
known outside contact in 1849 (DOE 1991). 

D 

The NTS, operated by the DOE, has been the primary location for testing the nation’s nuclear 
explosive devices, including nuclear weapons, since January 1951. It is located in Nye County, 
Nevada, with the southeast comer lying about 65 mi northwest of the city of ’ las  Vegas, Nevada. 
The NTS encompasses about 1350 mi2, an area larger than the State of Rhode Island. The 
dimensions of the NTS vary from 28 to 35 mi in width (eastern to western border) and from 40 to 
55 mi in length (northern to southern border). The NTS is surrounded on the east, north, and west 
sides by public access exclusion areas consisting of the Nellis Air Force Base (NAFB) Bombing and 
Gunnery Range and the Tonopah Test Range. These two areas comprise the NAFB Range Complex, 
which provides a buffer zone between the test areas and public lands. The combination of the NAFB 
Range Complex and the NTS is one of the larger unpopulated land area in the United States, 
comprising some 5470 mi2. Mercury, Nevada, located at the southern end of the NTS, is the main 
base camp for worker housing and administrative operations for the site. Area 12 base camp, located 
at the northern end of the site, is the other major worker housing and operations support facility. B 
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The NTS topography is typical of much of the basin and range physiographic province of Nevada, 
Arizona, and Utah. North-south-trending mountain ranges are separated by broad, flat-floored, and 
gently sloped valleys. Elevations range from about 3000 ft above mean sea level (MSL) in the south 
and east, rising to 6900 ft in the mesa areas towards the northern and western boundaries. The slopes 
on the upland surfaces are steep and dissected, whereas the slopes on the lower surfaces are gentle 
and alleviated with rock debris from the adjacent highlands. The principle effect upon the terrain 
from nuclear testing has been the creation of numerous dish-shaped surface subsidence craters, 
particularly in Yucca Flat. There are not continuously flowing streams on the NTS. Surface 
drainages from Yucca Flat and Frenchman Flat are in closed-basin systems, which drain onto the dry 
lake beds (playas) in each valley. The remaining area of the NTS drains via arroyos and dry 
streambeds that carry water only during unusually intense or persistent storms. Rainfall or snow melt 
typically infiltrates quickly into the moisture-deficient soil, or it runs off in normally dry channels, 
where it evaporates or seeps into permeable sands and gravel. During extreme conditions, flash 
floods may occur. The northwest portion (Pahute Mesa) of the NTS has integrated channel systems 
which carry runoff beyond NTS boundaries into the Kawich Valley and Gold Flat on the NAFB 
Range Complex. The western half and southernmost part of the NTS have channel systems which 
carry runoff from intense storms towards the southern boundary of the NTS and off site towards the 
Amargosa Desert (DOE 1991). 

In general, the geology consists of three major rock units. These are (1) completely folded and 
faulted sedimentary rocks of Paleozoic age overlain at many places by (2) volcanic tuffs and lavas of 
Tertiary age, which (in the valleys) are covered by (3) alluvium of late Tertiary and Quaternary age. 
The sedimentary rocks of Paleozoic age are many thousands of feet thick and are comprised mainly of 
carbonate rocks (shale and quartzite). The volcanic rocks are relatively underformed, and dips are 
generally gentle. The alluvium is derived from erosion of the nearby hills of tertiary and Paleozoic 
rocks. The volcanic rocks of Tertiary age are predominantly tuffs, which erupted from various 
volcanic centers and lavas, and are mostly rhyolitic in composition. The aggregate thickness of the 
volcanic rocks is many thousands feet, but in most places, the total thickness of the section is far less 
because of erosion or nondeposition. These materials erupted before the collapse of large volcanic 
centers known as calderas. Alluvial materials fill the intermountain valleys and cover the adjacent 
slopes. This sediment attains thickness of 2000 to 3000 ft in the central portions of the valleys. The 
alluvium in Yucca Flat is vertically offset along the prominent north-south-trending Yucca fault. 

Depths to groundwater beneath the NTS vary from about 515 ft beneath the Frenchman Flat playa 
(DOE 1991) in the southern part of NTS to more than 2000 ft beneath part of Pahute Mesa. In the 
eastern portions of the NTS, the water table occurs generally in the alluvium and volcanic rocks 
above the regional carbonate aquifer. The flow in the shallower parts of the groundwater body is 
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) generally toward major valleys (Yucca and Frenchman) where it deflects downward to join the 
regional drainage to the southwest in the carbonate aquifer. The hydrogeologic units at the NTS 
occur in three groundwater subbasins in the Death Valley groundwater basin. Groundwater beneath 
the eastern part of the NTS is in the Ash Meadows subbasin defined by discharge through 
evapotranspiration along a spring line in Ash Meadows (south of the NTS). Most of the western NTS 
is in the Alkali Flat/Furnace Creek Ranch subbasin, which discharges by evapotranspiration at Alkali 
Flat and by spring discharge near Furnace Creek Ranch. Groundwater beneath the far northwestern 
corner of the NTS may be in the Oasis Valley subbasin, discharging by evapotranspiration in the 
Oasis Valley. 

A long-term hydraulic monitoring program was instituted in 1972 to be operated by the EPA under an 
interagency agreement. Groundwater was monitored on and around the NTS, at eight sites in other 
states, and at two locations off property in Nevada in 1991 to detect the presence of any radioactivity 
in the groundwater. No radioactivity was detected in the groundwater sampling network around NTS. 
The NTS groundwater monitoring network currently utilizes wells that were drilled for water supply 
or exploratory purposes. Therefore, an extensive program to install groundwater monitoring wells 
has been implemented. The program will involve the installation of approximately 90 wells on or 
near NTS. 

Precipitation levels at the NTS are low, runoff is intermittent, and the majority of the active testing 
B 

areas on the NTS drain into closed basins on the site. The NTS mesas receive an average annual 
precipitation of 9 in., which includes winter snow accumulations. The lower elevations receive 
approximately 6 in. of precipitation annually, with occasional snow accumulations lasting only a 
matter of days. Predominating winds are southerly during summer and northerly during winter. The 
prevailing wind direction during winter months is from north-northeast; during summer months, 
winds prevail from the south. In Yucca Flat, the average annual wind speed is 7 miles per hour 
(mi/hr). The prevailing wind direction during the winter months is north-northwest and during 
summer months is south-southwest. At Mercury, the average annual wind speed is 8 mi/hr, with a 
prevailing wind direction of northwest during the winter months and southwest during the summer 
months. 

The greater part of the NTS is vegetated by various associations of desert shrubs typical of the 
Mojave or Great Basin Deserts or the zone of transition desert between these two. There are areas of 
desert woodland (pinon and juniper) at higher elevations. Even there, typical Great Basin shrubs, 
principally sagebrush, are a conspicuous component of the vegetation. Although shrubs (or shrubs 
and small trees) are the dominant forms, herbaceous plants are well represented in the flora and play 
an important role in supporting animal life. D 
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Extensive floral collection has yielded 71 1 taxa of vascular plants within or near the boundaries of the 
NTS (DOE 1991). Associations of creosote brush (Larrea tridentata), which are characteristic of the 
Mojave Desert, dominate the vegetation mosaic on the dajadas of the southern NTS. Between 4000 
and 5000 ft elevations in Yucca Flat, transitional associations are dominated by hopsage/desert thorn 
(Gruyia spinosa/Lycium andersonii) associations, while the upper bajadas support Cofeogyne types. 
Above 5000 ft, the vegetation mosaic is dominated by sagebrush associations of Artemisia tridentam 
and Artemisia arbuscufa ssp. nova. Above 6000 ft, pinon pine and juniper mix with the sagebrush 
associations where there is suitable moisture for these trees. No plant species located on the NTS is 
currently on the federal endangered species list; however, the state of Nevada has placed Astragalus 
beatleyae on its critical species list. Most mammals on the NTS are small and secretive (often 
nocturnal in habitat), hence not often seen by casual observers; larger mammals include horses, 
burros, deer, mountain lions, bobcats, coyote, kit foxes, and rabbits. Reptiles include four species of 
venomous snakes; bird species are mostly migrants or seasonal residents. In terms of distribution or 
relative abundance, rodents are the most important group of mammals on the NTS. Most nonrodent 
mammals have been placed in the "protected" classification by the state of Nevada. In 1989, the 
desert tortoise (Gopherus agmsizii) was placed on the endangered species list by the U.S. Department 
of Interior and was relisted as threatened in 1991. Tortoise habitats on the NTS are found in the 
southern third of NTS, outside the current areas of nuclear test activities in Yucca Flat, Rainer Mesa, 
and Pahute Mesa (DOE 1991). 

There are many archaeological sites on the Pahute and Rainer Mesas testing areas and there are also 
some sites of historical interest on the NTS. The principle sites include the remains of primitive stone 
cabins with nearby corrals at three springs, a natural cave containing prospector's paraphernalia in 
Area 30, and crude remains of early mining and smelting activities. 

In 1991, 17 preactivity surveys were conducted for archeological sites on the NTS, and reports on the 
findings were prepared. These preactivity surveys identified 56 sites containing previously unknown 
archeological information. These sites were added to the cultural resources inventory files and site 
records, and all artifacts collected from the NTS were processed for storage. Due to avoidance of all 
potentially significant sites by activities at the NTS, no test excavations, data recovery plans, or 
data-recovery projects were undertaken in 1991. 
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Excluding Clark County, the major population center (approximately 741,000 in 1990) near the NTS, 
the population density within a 150-kilometer radius of the NTS is about 0.5 persons per square 
kilometer. In comparison, the 48 contiguous states (1990 census) had a population density of 
approximately 29 persons per square kilometer. The estimated average population density for Nevada 
in 1990 (including Clark County) was 2.8 persons per square kilometer. The off-site area within 
80 kilometers of the NTS control point is predominantly rural. CP-1 (a building at the control point) 
historically has been the point from which distances from the NTS are determined (DOE 1991). 

Several small communities are located in the area, the largest being in the Pahrump Valley. This 
growing rural community, with an estimated population of 15,000, is located 80 kilometers south of 
CP-1. The Amargosa Farm area, which has a population of about 950, is located about 50 kilometers 
southwest of CP-1. The largest town in the near off-site area is Beatty, which has a population of 
about 1500 and is located approximately 65 kilometers to the west of CP-1. The Mojave Desert of 
California, which includes Death Valley National Monument, lies along the southwestern border of 
Nevada. The National Park Service (DOE 1991) estimated that the population within the monument 
boundaries ranges from a minimum of 200 permanent residents during the summer months to as many 
as 5000 tourists and campers on any particular day during "Death Valley Days" in the month of 
November. The largest nearby population in this desert is the Ridgecrest-China Lake area, about 
118 mi southwest of the NTS, with a population of about 28,000. The next largest population is in 
the Barstow area, located 165 mi southwest of the NTS with a 1991 population of 21,000. The 
Owens Valley, where numerous small towns are located, lies 31 mi west of Death Valley. The 
largest town in the Owens Valley is Bishop, located 140 mi northwest of the NTS, with a population 
of 3500. 

Recreational areas lie in all directions around the NTS and are used for such activities as hunting, 
fishing, and camping. In general, the camping and fishing sites to the northwest, north, and northeast 
of the NTS are used throughout the year except for the winter months. Camping and fishing 
locations to the southwest, south, and southwest are used throughout the entire year. The peak 
hunting season is from September through January. 

1.1.2 Commercial DisDosal Facilitv at Clive. Utah 
The preferred alternative for waste material of Operable Unit 1 calls for the disposal of wastes at a 
commercial disposal facility in Clive, Utah. The facility is located on the eastern edge of the Great 
Salt Lake Desert, 3 mi west of the Ceder Mountains. Owned by the State of Utah, the 10 mi area 
around the site is rarely used due to its remoteness from urbanized areas. The area is uninhabitated 
by humans and only occasionally used for grazing and off-road vehicles. The only other land use 
within the 10 mi radius is for transportation. The Interstate 80 highway and the Union Pacific 
railway pass 2.5 mi and 1 mi north, respectively, of the site. Because the facility is located in an 
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area with an arid climate far away from any population centers, the lack of human habitation offers 
many advantages from a long-term risk standpoint. 

The commercial disposal facility site has probably been used for grazing since the days of the early 
settlers. No events of historical significance are known to have occurred at the site. The Donner 
Trail probably passed north of the site, but the trail’s exact location is unknown. A cultural resource 
inventory for the facility was performed in August 1981, by the Archaeological Environmental 
Research Corporation (DOE 1984). No cultural resource sites were found. The ground to air 
pilotless aircraft launch site and blockhouse is listed in the National Register of Historic Places and is 
approximately 10 mi west of the facility. The Gosepa Settlement Cemetery is located approximately 
23 mi southeast of Clive. 

The proposed disposal site is located in the basin and range physiographic province which covers 
nearly all of Nevada and parts of California, Oregon, Idaho, Arizona, New Mexico, and Texas. It is 
characterized by broad, flat basins occasionally interrupted by small mountain ranges. The area 
within a 10 mi radius is typical of this province. Because of the flatness of the terrain, vistas of 
30 mi are common. The Visual Resource Inventory and Evaluation System (DOE 1984) was used to 
rate the scenic quality of the disposal facility relative to the physiographic province. This system 
employs a scale of 0 to 33, with higher ratings (19 or above) indicating that special management 
attention is required. The combination of landform, vegetation, water, color, influence scarcity, and 
cultural modification variables were used to derive a total score of 12 for the area surrounding the 
disposal facility. This low-to-medium rating for scenic quality indicates no special management 
attention is required for the site. 

The commercial disposal facility is located within a relatively flat area along the eastern edge of the 
Great Salt Lake Desert, which extends approximately 60 mi from the Nevada border on the west to a 
series of north-south-trending mountain ranges on the east. The eastern edge of the desert in the 
vicinity of the site is formed by the Ceder Mountains, which rise to elevations of approximately 
7700 ft, approximately 3500 ft  above the desert floor. The proximity of this mountain range results 
in a generally westward slope to the site, with drainage into the Great Salt Lake Basin. The site has a 
topographic relief of less than 11 ft. 

Because of the lack of detailed subsurface data concerning the bedrock, the exact depth to and 
relationships among various units at the disposal facility are unknown (DOE 1984). Lone Mountain, 
located 3 mi east of the site, has a core of Paleozoic rocks. These include, from west to east, the 
Grandeur Member of the Park City Formation, an unnamed Permian formation, and Unit 5 of the 
Oquirrh Formation. These well-indurated limestones and sandstones strike slightly east to north and 
dip steeply (72 to 74 degrees) to the west. Lone Mountain represents the west limb of a 
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D north-trending anticline, which is in turn located on the upper plate of the Lone Mountain Thrust 
Fault, a slightly northwest-trending Laramide (early Tertiary) low-angle fault. 

The scattered, low hills about 1.5 mi west of the disposal facility site also contain outcrops of 
Paleozoic Oquirrh Formation (DOE 1984). These rocks may represent the northern extent of a 
slightly northeast-trending overturned anticline. The facility may be located in the syncline between 
this anticline and the Lone Mountain anticline to the east. The Grayback Hills 3.5 mi northwest of 
the disposal facility (just north of Interstate 80) are formed by remnants of Late Tertiary basalt and 
basaltic andesite flows (DOE 1984). These flows are the only apparent evidence near the site of Late 
Tertiary tectonism. 

The commercial disposal facility site lies in a region which contains active faulting. Seismogenic 
sources include zones of faulting along the east flank of the Ceder Mountains, the east flank of the 
Newfoundland Mountains, the west flank of the Stansbury Mountains, and within Puddle Valley. The 
density of possible seismogenic sources is considerably less than along the Wasatch Front located 
about 65 mi east of the disposal facility. The site is located within the Great Basin in the 
basin-and-range Province (BAR) in western Utah, lying in a transition zone between exposed horsts 
and grabens (mountain ranges and valleys) to the east and buried horsts and grabens to the west. The 
surrounding area does not have recorded historical seismicity, but nearby seismogenic areas and 
geologic structures could pose a hazard to the site. 

B 
Surface and subsurface conditions at the disposal facility and vicinity were evaluated through the 
drilling, logging, and sampling of 13 exploration borings. The logs of the exploration borings are 
available in the Uranium Mills Tailings Radiation Control Act project office in Albuquerque, New 
Mexico. Surficial soil encountered in the 13 exploration borings generally consist of light brown to 
tan, sandy to clayey silt. This soil was classified as either stiff or very stiff and was noted to contain 
a small pinhole structure and bedding layers that range from approximately .06 to 12 ft (DOE 1993). 

An interlayered lacustrian deposit, ranging from relatively clean fine-and medium-grained sands to 
silty clays, underlies the surficial material. This interlayered soil sequence appears to be random and 
no definite pattern or predominant material type could be correlated among individual borings. The 
soil is layered but varied in thickness and is generally classified as stiff to very stiff while the 
cohesionless materials are generally medium dense to dense. This interlayered sequence extends to 
depths between 45 and 51 ft. 
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No surface water bodies are present in the commercial disposal site area. The nearest stream channel 
ends about 2 mi east of the site and is typical of all the drainages along the transportation corridors 
within about 20 mi. The site lies to the west of the Ceder Mountains in a relatively flat basin. The 
streams within the area do not reach the site; the channels end 2 mi east of the site. This indicates 
that flows normally infiltrate or evaporate before reaching the site. 

There are two major groundwater systems in the area: ( I )  the valley fill and (2) the alluvial fans 
bordering the desert. The recharge area for the alluvial fill occurs in the mountains bordering the 
desert. Direct infiltration of incident precipitation is not a significant component of the total 
groundwater regimen. Groundwater monitoring wells indicate groundwater lies 20 to 30 ft below 
ground surface. The principle direction of groundwater flow within the disposal site region is to the 
west. Locally, however, the direction of the groundwater flow is modified by both the surface 
topography and by the stratigraphy at depth. The direction of groundwater movement appears to be 
mainly to the northeast. The hydraulic gradient in this direction is small, approximately 3 ft per mile. 

. 

RegionaI temperatures range from 27°F in January to 79°F in July. Normal extremes range from 
nighttime lows of 19°F in January to daytime highs of 92°F in July. The average rainfall is only 
5 in. per year. Thunderstorms occur in the summer and occasional snowfall occurs in the winter. 

Soil at the disposal facility site is characterized as having a horizon of clay and alkali (sodium) 
accumulation. The soil lacks moisture for plant growth for long periods and is low in organic matter 
(DOE 1984). The dry subsurface soil is powdery and easily dispersed in the air by traffic of any 
kind. This highly saline, slowly permeable soil in this extremely arid location is unsuitable for 
reestablishing a lasting, self-sustaining vegetation to protect the soil covering the disposed materials. 
Even if the low precipitation could be overcome by irrigation, the nature of the soil would impose 
insurmountable problems that would prevent satisfactory plant cover within 10 to 20 years (DOE 
1984). Soil with these characteristics will act as a barrier to all but the most shallowly rooted plant 
species, and density of the clay will deter burrowing by small animals. 

The vegetation of the disposal facility site is a homogeneous, semidesert low shrubland, primarily 
composed of shadscale (Atripla confertifoliu). The shrubland is part of the Northern Desert Shrub 
Biome of the Cold Desert Formation (DOE 1984). Plant communities identified on the site are 
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Shadscale-Gray Molly (Kochia americana var. vestita), a transitional community type of 
Shadscale-Gray Molly-Black Greasewood (Sarcobatus vermiculatus), and Black Greasewood-Garder 
Saltbush (Afriplex nuttallii). Vegetation patterns at the site are correlated with soil salinity and 
corresponding shifts in presence or abundance of species. All three communities are low in species 
diversity. Seep-weed or inkweed (Suaeda torreyana) and scattered perfoliate pepperweed (Lepidium 
pe@oliatum) are the only prominent understory species of the Shadscale-Gray Molly community. This 
community occurs over most of the site, although black greasewood becomes prominent enough on 
the eastern quarter to form a Shadscale-Black Greaseweed-Gray Molly community (DOE 1984). 

B 

Animal species using the shadscale flats and greasewood as habitat typically include the black-tailed 
jackrabbit (Lepus californicus), the deer mouse (Peromyscus maniculatus), the horned lark 
(Eremophila alpestris), and the desert horned lizard (Phrynosoma platyrhinos); species diversity is 
low. All of these animal species could use the site for breeding or nesting. Aquatic ecosystems do 
not occur on the disposal site nor do any threatened or endangered species reside in the area. 

The commercial mixed waste disposal facility is located in Toole County, Utah. The county 
encompasses 700 square miles within the state and had a population in 1990 of 26,000, representing 
approximately 1.5 percent of the population of Utah. (The population of Utah was 1,723,000 in 
1990). The population in Toole County has increased on the average of 3.2 percent between 1970 
and 1980; however, it remained constant over the past ten years at approximately 26,000. 

D 
Most lands within a 10 mi radius of the site are used very rarely because of their remoteness from 
urbanized areas and because of the poor spill, occasionally muddy conditions, and sparse vegetation 
that are characteristic of the region. Sheep grazing and recreational-vehicle driving are the primary 
uses of the area, but such uses are apparently light. Although no reports on land uses in the vicinity 
could be found, numerous trails in the area indicate that it has been used on occasion for recreational 
vehicle purposes, and much of the vicinity may be used on occasion for hunting. The only other land 
use within a 10 mi radius is for transportation, specifically Interstate 80 and the Union Pacific railway 
system. 
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J.1.0 INTRODUCTION 

The Fernald Environmental Management Project (FEMP) is divided into five distinct operable units. 
This feasibility study (FS)concerns Operable Unit 5, which consists of environmental media -- 
groundwater, surface water, soil, sediment, flora, and fauna. The Operable Unit 5 FS evaluates the 
range of available remedial action alternatives addressing final disposition of Operable Unit 5 wastes. 
The primary objective of the Operable Unit 5 remedial action is to protect human health and the 
environment by implementing long-term cleanup solutions. 

This appendix covers the floodplaidwetland assessment. Executive Order 1 1990 (Protection of 
Wetlands) and Executive Order 11988 (Protection of Floodplains), which are implemented by U.S. 
Department of Energy (DOE) Regulation 10, Code of Federal Regulations (CFR) 1022, "Compliance 
with FloodplaidWetlands Environmental Review Requirements, " specifies the requirement for a 
floodplaidwetland assessment in cases where the DOE is responsible €or providing federally 
undertaken, financed, or assisted construction and improvements that may impact floodplains or 
wetlands. Pursuant to 10 CFR 1022.5 and 1022.11, the DOE has determined that a 
floodplaidwetland assessment is applicable for the representative alternative being considered for 
Operable Unit 5. A floodplaidwetland notice of involvement will be issued in the Federal Register to 
satisfy public notice requirements of 10 CFR 1022.14. b 
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5.2.0 PURPOSE AND NEED I 

Facilities and environmental media at the FEMP site contain radioactive and chemical constituents at 

environment. 4 

2 

3 levels which exceed cesain federal and state standards for protecting human health and the 

The purpose of the Operable Unit 5 FS is to evaluate and select a remedial action alternative for 

The alternatives evaluated in the FS would require activities that would impact wetlands and 

5 

6 

7 

Operable Unit 5 to preclude potential impacts to human receptors and the environment in the future. 

floodplains. Therefore, the DOE is preparing this floodplaidwetland assessment. a 

J-2- 1 
.~ 



FEMP-OSFS-4 Draft 
November 14, 1994 

5.3.0 DESCRIPTION OF THE PROPOSED ACTION 

The preferred alternative (Alternative 3A, Case 7) for Operable Unit 5 involves groundwater 
treatment, soil/sediment excavation, on-property disposal, and off-property disposal to the Nevada 
Test Site (NTS). Soihediment would be excavated and placed in an on-property engineered disposal 
cell or transported off site by truck to NTS, depending on contaminant concentrations. SoiVsediment 
that exceed remediation goals based on protection of the expanded trespasser, recreational user of an 
undeveloped park, the off-property farmer, and the Great Miami Aquifer will be contained within the 
on-property disposal cell. Soil and sediment that does not meet the on-property disposal cell waste 
acceptance criteria will be transported off property to NTS. All excavated areas will be backfilled 
with clean fill and revegetated. 

Groundwater from the Great Miami Aquifer exceeding contaminant levels suitable for drinking water 
and perched groundwater zones exceeding remediation goals based on protection of the on-property 
resident farmer would be removed. Groundwater would be extracted, treated at the advanced 
wastewater treatment (AWWT) facility, and discharged to the Great Miami River. On-property storm 
water, remediation systems wastewater, and perched groundwater recovered from excavated soil 
would also be treated by the AWWT facility before discharge to the Great Miami River. Waste 
sludges generated by the water treatment processes would be dewatered at the AWWT dewatering 
system and transported off property for disposal. Spent treatment media (e.g., exhausted ion 
exchange resin and activated carbon) and concentrated contaminant residues would be cement 
stabilized and transported off property for disposal. 

The disposal cell would be sited to take advantage of the most favorable geology. The disposal cell, 
along with the remainder of the FEMP property, would remain under federal ownership. At the 
discretion of the federal government, areas of FEMP property outside the disposal cell area would be 
released for alternate uses including industrial development or recreational use. 
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5.4.0 FLOODPLAIN/WETLAND EFFECTS 

5.4.1 FLOODPLAINS 
Floodplains within the FEMP site property are confined to the north-south corridor containing Paddys 
Run, which has also been designated as a water of the United States and the State of Ohio (Figure 
J.4-1). Outside the boundaries of the FEMP site, the 100- and 500-year floodplain of the Great 
Miami River extends west of the "big bend" area and northward along Paddys Run, from the 
confluence of the two streams past the southern boundary of the FEMP site (Figure 5.4-2). The 100- 
year floodplain has been estimated to entail 1600 acres from river mile 19 to river mile 24 of the 
Great Miami River (DOE 1991). 

5.4.1.1 Floodulains Within Ouerable Unit 5 
A study by Parsons (1993) examined the 100- and 500-year floodplain along Paddys Run. The results 
of this study predicted a 100-year flood flow of approximately 3 15.8 cubic meters per second (1 1,150 
cubic feet per second). Elevations range from 542 feet above mean sea level (MSL) at the southern 
boundary of the floodplain study area to 567 feet above MSL at the northern tip (Figure 5.4-1). 
Within Operable Unit 5, the 100- and 500-year floodplain are contiguous due to the relatively steep 
slopes along the banks of Paddys Run. 

5.4.1.2 FloodDlain ImDacts 
The preferred alternative of Operable Unit 5 would result in excavation and grading activities in the 
100- and 500-year floodplain of Paddys Run. Direct impacts to the floodplain would occur in the 
short term during the operation of heavy construction equipment resulting in the excavation of 
contaminated soil within the floodplain. Upon completion of excavation, the excavated areas would. 
be backfilled with clean soil and regraded to near original contours. 

Indirect impacts to the floodplain could occur from remedial activities, resulting in sediment 
deposition into the floodplain. Measures to minimize or eliminate these adverse impacts may include 
the utilization of silt fences, straw bales, and dust suppressants. Remedial activities could result in 
short-term impacts to the floodplain of Paddys Run. However, positive long-term impacts would 
occur as a result of contaminant removal and containment. . .  

5.4.2 WETLANDS WITHIN OPERABLE UNIT 5 
A jurisdictional wetland delineation has been approved by the U.S. Army Corps of Engineers' (COE) 
Louisville District, which establishes jurisdictional wetland boundaries and waters of the United States 
at the FEMP (EBASCO Environmental 1993). The delineation was prepared using the routine 
deteimination, on-site inspection method, in accordance with the 1987 Corps of Engineers Wetland 
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Delineation Manual, which revealed a total of 36 acres of freshwater wetlands. These wetlands are 
comprised of the following types within Operable Unit 5: 27 acres of palustrine forested wetlands, 
7 acres of drainage ditchedswales, and 2 acres of isolated persistent emergent and scrubhhrub 
wetlands (Figure J.4-3). Wetlands were delineated using routine on-site methods. 

J.4.2.1 Wetland ImDacts 
Implementation of the preferred alternative (Alternative 3A, Case 7) would result in the loss of 
7 acres of drainage ditchlswales and 2 acres of isolated persistent emergent and scrub/shrub wetlands. 
The total wetland area that would be impacted measures 9 acres. 

Direct impacts would occur from continuous equipment traffic, soil removal, and construction 
activities resulting in physical disturbance and filling of wetland areas. Indirect impacts would 
include the migration of eroded soil, sediment deposition, and dispersion of fugitive dust to the 
wetland areas. Engineering controls would be implemented during all remedial activities to minimize 
indirect impacts. Controls would include use of silt fences, straw bales, and dust suppressants. 
Mitigation for wetland impacts will be determined using the 404 (b) (1) guidelines of the Clean Water 
Act, in consultation with the COE, U.S. Environmental Protection Agency, and Ohio Environmental 
Protection Agency. 
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J.5.0 ALTERNATIVES CONSIDERED 

The activities discussed in the previous sections were selected from seven possible alternatives. The 
major alternatives were no action, on-property disposal (including a disposal cell or consolidated 
area), and off-property disposal. Groundwater treatment is the same for all alternatives, as previously 
discussed in Section 5.3.0. 

J .5.1 NO-ACTION ALTERNATIVE 
Under this alternative, all environmental media would remain in place. The no-action alternative 
would not impact wetlands in the short term; however, no further action could result in impacts to all 
wetlands within the FEMP boundaries from the migration of Operable Unit 5 contaminants. 
Floodplains would remain in place but potentially would become increasingly contaminated as a result 
of contaminant migration. Furthermore, the no-action alternative is not protective of human health 
and the environment, does not comply with applicable or relevant and appropriate requirements 
(ARARs), and does not provide long-term effectiveness and permanence. Therefore, the no-action 
Alternative was not selected. 

5.5.2 ON-PROPERTY DISPOSAL 

0 Alternatives 2A (Cases 1 and 2), 2C (Case 2), 3A and 3C (Cases 3-7), and 4A and 4C (Cases 8 and 
9) involve excavation and on-property disposal (disposal cell or consolidation) of soil. 

Alternatives 2A (Case 2), 2C (Case 2), and 3A and 3C (Case 3) would result in the loss of 6.5 acres 
of palustrine forested wetlands, 7 acres of drainage ditch/swales, 2 acres of isolated persistent 
emergent and scrub/shrub wetlands, and 1.5 acres of miscellaneous wetland types from construction 
equipment movement. The total wetland area that would be impacted measures 17 acres. Short-term 
impacts would occur to the 100- and 500-year floodplain of Paddys Run as a result of soil removal. 
Upon completion of excavation, the excavated areas would be backfilled with clean soil and regraded 
to near original contours. Therefore, remedial activities would not alter flow patterns or uses of the 
floodplain. 

Alternatives 3A and 3C (Cases 4 through 7) and 4A and 4C (Cases 8 and 9) would result in the loss 
of 7 acres of drainage ditch/swales and 2 acres of isolated persistent emergent and scrub/shrub 
wetlands. Total wetland areas to be impacted are 9 acres. Short-term impacts would occur to the 
100- and 500-year floodplain of Paddys Run as a result of soil removal. Upon completion of 
excavation, the excavated areas would be backfilled with clean soil and regraded to near original 
contours. Therefore, remedial activities would not alter flow patterns or uses of the floodplain. 
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Alternative 2A (Case 1) would result in the loss of 27 acres of palustrine.forested wetlands, 7 acres of 
drainage ditchkwales, and 2 acres of isolated persistent emergent and scrubhhrub wetlands. The total 
impacted wetland area measures 36 acres. Short-term impacts would occur to the 100- and 500- year 
floodplain of Paddy Run and the Great Miami River as a result of soil removal. 

Wetland impacts for all on-property disposal alternatives would be long term and direct from 
continuous equipment traffic and soil removal, resulting in physical disturbance and filling of wetland 
areas. 

5.5.3 OFF-PROPERTY DISPOSAL 
Alternatives 1 (Cases 1 and 2) and 2C (Case 1) involve off-site disposal of waste to an off-property 
commercial disposal facility. Impacts to wetlands from Alternatives 1 and 2C (Case 1) are the same 
as Alternative 2A (Case 1). Impacts to wetlands from Alternative 1 (Case 2) are the same as 
Alternative 2A (Case 2). 

Wetland impacts would be long term and direct from continuous equipment traffic and soil removal, 
resulting in physical disturbance and filling of wetland areas. 

Impacts to the floodplain of Paddys Run for these alternatives would be similar to the on-property 
disposal alternatives. In addition, these alternatives would also impact the floodplain of the Great 
Miami River. 
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K.1.0 OVERALL ESTIMATE BASIS 

The cost estimate basis provides the backup data, assumptions, and information used to prepare the cost 
estimates for the Operable Unit 5 remedial alternatives. The cost estimates are based on the detailed 
descriptions of the components as contained in Appendix A and general information about Fernald 
Environmental Management Project (FEMP) activities. Pricing is from vendor quotes, Means,, 
Richardsons, USACOE, and Factory Quote, tempered by estimator experience. The labor rates applied 
against manhours in the estimate are the FEMP Craft Wage rates effective March.1, 1994. 

Component and alternative cost estimates do not include site overhead costs - the cost for typical daily 
operations (e.g., labor, utilities, supplies) not specifically for remedial activities. 

K. 1.1 METHODOLOGY 
Fourteen remedial alternatives were retained for detailed analysis as described in Section 4.0. As part of 
the detailed analysis, the cost of each remedial alternative will be evaluated. To develop remedial 
alternative cost estimates, the methodology described in the following sections was developed. Figure 
K. 1-1 provides a graphical representation of the methodology. 

K. 1.1.1 Identifv Common Remedial ComDonents 
A review of the retained remedial alternatives reveals that there are a number of remedial components 
which are common to two or more remedial alternatives. These remedial components comprise the 
building blocks of the remedial alternatives. 

The following common remedial components were identified: 

Soil Excavation 
Soil Washing 
Off-Site Disposal 
Stabilization 
Consolidation 
On-Property Disposal 
Backfill 
Long-Term Environmental Monitoring 
Great Miami Aquifer Groundwater Extraction 
Groundwater and Wastewater Treatment 
Central Storage Facility 
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D K. 1.1.2 Develop Detailed Comuonent DescriDtions - 
Appendix L contains a detailed description of each remedial component. These detailed descriptions were 
developed based upon the strategies for remediating various contaminated media as described in Section 
2.0, results of the Great Miami Aquifer Groundwater Modeling (Appendix F), general information about 
FEMP activities, and general industry and engineering practices. The detailed component descriptions 
provide the engineering basis for developing the component cost estimates. 

K. 1.1.3 Identifv Kev Assumutions 
Key assumptions were made to establish a consistent approach to developing the component cost estimates. 
They are listed below: 

Soil/sediment remediation will start in the year 1998. Operating periods for soil-related 
remedial components are as follows: 

- 

- 

Soil/sediment excavation and backfill will occur for 22 years via eleven 
consecutive 2-year construction contracts. 
Soil treatment (soil washing or stabilization) will occur for 22 years. Soil 
washing and stabilization have been screened out as primary remediation 
technologies but have been retained as possible support technologies. 
Costs are included for comparative purposes. 
Off-site disposal will occur for 22 years 
Consolidation will occur for 22 years via eleven consecutive 2-year 
construction contracts. 
On-property disposal cell construction will occur for 22 years via eleven 
consecutive 2-year construction contracts. 

- 
- 

- 

Groundwater remediation will start in the year 2000 following a 5-year construction 
period (1995-1999). Operating periods for groundwater-related remedial components 
are as follows: 
- Great Miami Aquifer groundwater extraction and treatment will occur for 

30 and 75 years (including the 5-year construction period) for the MCL 
and lo4 clean-up goals, respectively. 

The existing site environmental monitoring program will continue unchanged until 1998. 
Additional environmental monitoring, including groundwater, air, and surface water 
monitoring, will occur in three phases starting in 1998 as follows: 
- The construction monitoring period will last for 22 years, the duration of soil remediation 

activities 
The postconstruction continued groundwater remediation period will last approximately 5 
or 50 years following closure of the on-property disposal facility for the MCL and 106 
clean-up goals, respectively. 
The postclosure long-term monitoring period will last for an assumed period of 50 years. 

- 

- 

All Engineering Design costs (i.e., Title I, 11, and III) are shown in the first year 
on the lifecycle estimate sheets. In actuality, Title III costs may continue into the 
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first or second year of operations. For simplicity, it is assumed that all engineering 
costs are 10 percent of the construction direct and indirect costs. 

All construction (e.g., erection of facilities, installation of equipment, etc.) is assumed to be 
performed by a general contractor or subcontractor. Construction for all soil-related 
components will start and finish in 1997. All construction costs are therefore subject to the 
appropriate contractor markups. 

All large process and material handling equipment required for soil remediation 
activities will be purchased by the construction contractor, and are included in the 
direct construction equipment costs. The acquisition of large scale process 
equipment required for treatment technologies (Le., soil washing and stabilization) 
will be procured by the site operating contractor and installed by the construction 
contractor. All such equipment and the purchase of material handling containers if 
required will be purchased prior to the initial start of operations. These costs are 
considered acquisition costs, not operating costs. 

Remedial operations and maintenance will be performed by the site operating 
contractor. Workers will be employed by the operating contractor and work will 
take place on a yearly basis for processing and material handling type activities. 
However, annual operations and maintenance activities for soil excavation, backfill, 
on-site disposal cell construction, and consolidation area construction will be 
performed by a construction contractor. 

For simplicity, annual costs are distributed uniformly throughout the life cycle 
duration. 

Boundaries are established for each component to distinguish when construction 
ends and operations begin. Cost breakdowns are based on these boundaries. 
Reference the key assumptions for individual components in Section K.3.0 for 
further detail. 

A base cost estimate was prepared for soil treatment components (Soil Washing and 
Stabilization) based on a 20 tonshour treatment rate. Since the soil remediation period 
is fixed at 22 years, equipment sizes and treatment capacities will change depending on 
the total volume of soil treated. To address the changes in equipment capacities and 
the impacts to construction costs, a six-tenths factor rule is applied to provide a 
multiplying factor for the variations in volume. The factor is applied to the component 
construction costs only. Changes in equipment requirements during the operations and 
maintenance phase are increased or decreased proportionately. 

K. 1.1.4 DeveloD ComDonent Cost Estimates 
Cost estimates were developed for each remedial component based on the detailed descriptions of each 
component and the key assumptions identified. All component costs are estimated in 1994 constant 
dollars. The Component Cost Summary include construction costs, operations and maintenance costs, post 

remediation costs, risk budget and contingency, and the total project cost. Life cycle construction, 
operation and maintenance, and post-remediation costs, less risk budget and contingency, are provided as 

. 
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D constant-dollar cash flows for the planning horizon for the component. Each of these costs is discussed in 
greater detail below. 

Construction Costs 
Construction costs include expenditures for the equipment, labor, materials, and indirect costs necessary to 
install remedial actions. 

Construction costs include engineering design cost plus direct and indirect field labor and materials to 
construct the facility. Indirect labor includes contractor supervision (field office overhead), equipment 
rental, temporary facilities, health physics, CERCLA training, payroll burden and benefits and overhead and 
profit. Other associated costs such as site contractor’s purchased equipments and material, waste 
characterization, transportation, direct burial of materials, sales tax on materials, project management and 
construction management, are also included. 

Operations and Maintenance Costs 

Operations and maintenance costs are post-construction costs necessary to remove, treat, and/or dispose of 
contaminated media. 

B Operations costs include the cost of labor and staff required to operate the remediation facilities, utility 
costs such as electrical power and sewer, fuel costs, material handling costs, disposal costs, supplies, and 
sampling and analysis. 

Maintenance cost includes repair or replacement of equipment and structures, maintenance personnel, and 
spare parts. 

Post Remediation Costs 
Post-remediation costs include decommissioning of remedial facilities and equipment after remediation goals 
have been met, and the associated long-term monitoring and maintenance of on-property disposal facilities. 

Risk Budget and Contingency 
A budget risk analysis was performed for each component using a computer program based on Monte Carlo 
simulation. The program input was developed as follows: 

1. Within each remedial component, major cost elements related to construction, operations and 
maintenance, and post-remediation were identified. 
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2. Each cost element was then weighed against cost driver factors, such as Labor Efficiency, 
Material Pricing, Class (and extent) of Contamination, New Technology, New Laws and 
Regulations, Quantity Variation, and Project Definition. Low and high percentage ranges were 
assigned to each cost driver factor. The low and high cumulative totals were then used as input 
to the computer simulation. 

The computer simulation output showed: 

1. The Risk Budget and Overrun Analysis Output reflecting the chances of overrun 
percentage versus the percentage of risk budget of base estimate. 

2. The frequency histogram of Project Cost Distribution for 2000 samples. 

3. The Cumulative Overrun Curve representing the probability of cost overrun versus 
project cost. 

Risk budget and overrun analysis were developed separately for each component. The risk budget 
percentage was based on a 50 percent chance of overrun. The contingency was then derived from the 
difference between the 5 percent and 50 percent chance of overrun of the base estimate. 

The risk budget and contingency percentages were then applied to the sum of component construction, 
operations and maintenance, and post-remediation costs. 

Total Proiect Cost 
The total project cost is the ,sum of the construction, operations and maintenance, and post-remediation costs 
for each component and includes risk budget and contingency. 

K. 1.1.5 DeveloD Comuonent Cost Curvq 
A cost curve is provided for each soil-related component. Cost curves are not provided for groundwater- 
related components since the Great Miami Aquifer groundwater extraction and treatment rate are based on 
computer modeling results. In addition, cost curves for soil washing and stabilization are not provided since 
these components have been screened out as primary remediation technologies. The curve represents a 
relative correlation between cost and a given soil volume. Supplemental cost estimates were prepared to 
develop the appropriate number of points for the component cost curves. Component construction and 
operational strategies were developed for costing purposes. Different volume scenarios were selected and 
costed for addressing contaminated soils of 1,500,000 yd’, and 2,000,000 yd’. The curve is then fitted to 
the points to present a smooth curve. Two curves are plotted for each component. The lower curve 
represents the raw cost versus volume. Raw cost includes construction, operations and maintenance, and 
post-remediation costs as previously described. The upper curve represents raw cost plus risk budget and 
Contingency versus volume. The shaded area between each curve represents the cost range versus volume. 
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0 Environmental monitoring is required during construction of remediation facilities. In addition, long-term 
environmental monitoring is required for remedial components which include leaving contaminated media on 
site (e.g., Consolidation, On-Property Disposal Cell). These environmental monitoring costs are included 
with the applicable remedial components. However, the cost of site-wide environmental monitoring during 
remediation is included at the alternative cost estimate level. 

Soil excavation includes contamination surveys. Contamination surveys are required to determine the extent 
of soil contamination, guide soil excavation, and certify excavated areas meet clean-up goals. 
Contamination survey costs are based on the areal extent of contamination and can't be tied to a 
contamination volume. Therefore, the cost of contamination surveys is included at the alternative cost 
estimate level. 

K. 1.1.6 Perform Present Worth and Escalation Analvsis 
Component cost estimates were developed in constant 1994 dollars. The anticipated annual costs over the 
study period for each component are summarized and represented in the "Life-Cycle Cost Analysis" 
estimate sheets for each component. To evaluate the FS alternatives, Present Worth Analysis is conducted 
on the annual expenditures of each component. The Present Worth Analysis utilizes the "Real Discount" 
rates established by the Office of Management and Budget, which include the adjustments for varying 
interest rates on annual constantdollar cash flows. "Net Present Worth" costs are presented at the 
Alternative Cost Summary level adjacent to the total costs for the remedial components for each alternative. 
A Discount Rate of 2.8 percent has been used for the component Present Worth Analysis for specific 
planning periods. 

In addition to the Present Worth Analysis, the total annual constantdollar expenditures for each component 
have been escalated to present the affects of inflation (real dollars) in the year the costs are actually 
incurred. An average escalation rate of 3.7 percent was used in the analysis. The rate is based on the 
August 1994 Economic Escalation Indices for DOE construction projects established by the Office of 
Infrastructure Acquisition. 

K. 1.1.7 Contaminated Soil Volumes 
Contaminated soil volumes were calculated for each case of each remedial alternative as described in Section 
2.0. Table K.1-1 provides the total soil volumes associated with each remedial component of each remedial 
alternative and case. The volumes in Table K.1-1 also include 175,000 yd3 of gravel which would be 
excavated from the former production area. 

K- 1-7 
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, 
I ALL VOLUMES I N  CUBIC YARDS 

REMEDIAL COMPONENT CASE 1 CASE2  C A S E 3  CASE4 CASE 5 CASE6 CASE7 C A S E 8  C A S E 9  
EXCAVATE 9.6SE t 06 2.74E t 06 
OFF-SITE DISPOSAL 9.3SEt06 2.4OEt06 
BACKFILL 2.90Et06 1 .37Et06  
EXCAVATE 9.6SEt06 2.74Et06 
DISPOSAL CELL 9.30Et06 2.37Et06 
OFF-SITE DISPOSAL 5.OOE t 04 2.SOE t 04 
BACKFILL 2.90Et06 1.37Et06 
EXCAVATE 9.6SEt06 2.14Et 06 
CONSOLIDATE W/ COVER 0.00Et00 1.24Et06 
OFF-SITE DISPOSAL 9.3SEt06 1.16Et06 
BACKFILL 2.90Et06 1 .37Et06  
EXCAVATE 2.39Et06 2.20Et06 2.19Et06 1.79Et06 1.80Et06 
DISPOSAL CELL 2.348 t o 6  1.7% t o 6  1.75Et06 1.7SE t o 6  1.7SEt06 
OFF-SITE DISPOSAL 2.SOEt04 2.SOEt04 2.SOEt04 2.SOEtO4 2.SOEt04 
BACKFILL 9.5SEtOS 8.29EtOS 8.35EtOS 8.3SEtOS 8.16EtOS 
EXCAVATE - 2.39Et06 2.2OEtO6 2.19Et06 1.79Et06 1.80Et06 
CONSOLIDATE W/ COVER 1 .22Et06  6.52EtOS 6.52EtOS 6.52EtOS 6.SZEtOS 
OFF-SITE DISPOSAL l . l S E t 0 6  1 .13Et06  1.12Et06 1.12Et06 1.12Et06 
BACKFILL 9SSEtO5  8.29EtOS 8.3SEt05 8.3SEtOS 8.16EtOS 
EXCAVATE 2 .19Et06  1.79E t o 6  
DISPOSAL CELL 1.7SE t o 6  1.7SE t 06 
OFF-SITE DISPOSAL 2.SOE t 04 2.SOE t 04 
BACKFILL 8.39EtOS 8.39EtOS 
EXCAVATE 2.19Et06 1.79E t o 6  
CONSOLIDATE W/ COVER 6.52E t OS 6.52E t O S  
OFF-SITE DISPOSAL 1.12E t 06 1.12Et06 
BACKFILL 8.39E t O S  8.39E t O S  

TABLE K.1-1 

TOTAL SOIL VOLUMES 

A L T .  NO 

1 

2A 

2c 

3A 

3 c  

4A 

4c - 
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D K. 1.1.7 Preoare Alternative Cost Estimates 
The cost of each remedial alternative is composed of the costs of its remedial components. Similar to the 
remedial component costs, remedial alternative costs consist of construction costs, operations and 
maintenance costs, post-remediation costs, and risk budget and contingency. 

Using the component cost curves and calculated contaminated soil volumes described previously, a cost is 
determined for each component of each alternative. For example, Alternative 2A, Case 2, consists of the 
following remedial components: 

e 

Soil Excavation 
On-Property Disposal Cell 
Off-Site Disposal 
Backfill 
Great Miami Aquifer Groundwater Extraction 
Groundwater and Wastewater Treatment 
Central Storage Facility 
Environmental Monitoring 

Table K. 1-1 .provides the following contaminated soil volumes for Alternative 2A, Case 2: 

Soil Excavation = 2,740,000 yd’ 
Disposal Cell = 2,370,000 yd’ 
Off-Site Disposal = 1,160,000 yd’ 
Backfill = 1,370,000 yd’ 

B 

Using the cost curves developed for each remedial component, Alternative 2A, Case 2, costs for 
excavation, disposal cell, off-site disposal, and backfill were determined. The component costs for 
construction, operations and maintenance, post-remediation, risk budget and contingency, present worth, 
and escalated costs were determined for Alternative 2A, Case 2, using mathematical interpolation. 

Great Miami Aquifer Groundwater Extraction and Groundwater and Wastewater Treatment costs for 
Alternative 2A, Case 2, were determined based on an MCL clean-up goal (6,300 gpm groundwater 
pumping and treatment rate) as described in Section L.O. 

The Central Storage Facility cost is included for Alternative 2A, Case 2, for storing and packaging 
contaminated soils and treatment residues for off-site shipment and disposal. 

Site-wide environmental monitoring costs incurred during the active remediation period (not associated with 
construction of remedial facilities) are included in the alternative cost estimate. Long-term environmental B 

.. , 
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monitoring associated with on-property disposal units are included in the respective remedial component 
cost estimates. 

The cost of contamination surveys to determine the areal extent of contamination, guide soil excavation 
activities, and certify the achievement of clean-up goals are dependent upon the area and depth of 
excavation - not the volume of contaminated media. Therefore, contamination survey costs are included in 
the alternative cost estimate. 

FER\CRUS\APXSWP-K\APPKTEXnll/l llW.9:SSam K-1-10 
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D K.2.0 COST ESTIMATE FORMAT 

The following sections describe the component and alternative cost estimate summary formats. 

K.2.1 COMPONENT COST SUMMARY 
Table K.2-1 provides an example of a Component Cost Summary (in this case for Groundwater 
Treatment). The following sections provide a line-by-line description of the Component Cost Summary. 
For the component cost estimates, it is assumed there is no distinction between the general construction 
contractor and construction subcontractors. 

K.2.1.1 Construction Direct Costs 
Construction Direct Costs include the cost of labor and materials required to construct facilities and install 
equipment for each component prior to the start of remedial operations. Construction Costs also include 
the cost to purchase and install major equipment within and around (roadways, etc.) facilities. Some 
facility utility systems (Le., fire protection, electrical, lighting, fire alarms, etc.) were priced by the square 
foot based on historical cost data. 

Construction radiological considerations and other non-productive items (not identified at the indirect 
Component Summary level) that may impact labor productivity are considered in the construction direct 
costs. Where applicable, a radiological adjustment factor of 1.30 was applied to the labor hours for that 
item to account for lost time due to the handling of hazardous materials. For the most part, site clearing 
and grubbing, erection of facilities, etc., will occur in clean areas, requiring little or no radiological 
adjustments to construction. Normal non-productive considerations (e.g. instruction, clean-up, etc.) were 
also applied to the appropriate construction estimate. 

B 

K.2.1.2 Construction Indirect Costs 
The following sections describe general contractor and subcontractor indirect cost categories for each 
component estimate. The indirect costs are applied only at the component estimate level. 

Contractor SuDervision Field Office Overhead) 
This category includes the labor costs for general contractor and subcontractor administrative support staff. 
Examples include general superintendent, administrator, field office and material manager, construction 
accounting clerk, timekeeper, materials manager, cost engineer, construction inspector, etc. This markup 
is applied at 17 percent Construction Direct labor dollars. 

FER\cRu5\Apxs\qpP-lMP~l1/11/94.955am . , .. K-2- 1 
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TABLE K.2-1 

COMPONENT COST SUMMARY EXAMPLE 

f 
i I COMPONENT COST SUMMARY 
! 
I 

1 TITLE: GROUNDWATER & WAXEWATERTREATMENT DATE: 02-NOV-94 
f COMPONENT SHEET: 1 

ESTD. BY J. AOAMS 

F E R \ C R U S . W X S \ A p P - K P ~ l 1  I1 1 /W.9:55- K-2-2 
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Small Tools and Consumables 
This category includes material costs of tools and construction consumables, such as shovels, concrete 
buckets, welding equipment, pumps, hose, weld rod, etc. This markup is applied at 6 percent of 
Construction Direct labor dollars. 

c 
Contractor EauiDment Rental 
This category includes material costs of construction equipment used on the project, such as pickup trucks, 
forklifts, backhoes, dozers, heavy cranes, manlifts, etc. Construction equipment is not subject to sales tax 
since the sales tax is normally applied in the contractor lease agreement. It is assumed that all construction 
equipment will be furnished by the general contractor and the subcontractors. 

TemDorarv Facilities 
This category includes the labor and material costs for temporary buildings and structures, such as ofice 
trailers, tool sheds, break or change trailers, etc. This markup is applied at 6 percent of Construction 
Direct labor dollars and is distributed at 35 percent to labor and 65 percent to material costs. 

TemDorarv Facilities Mook-UD) 
This category includes the labor and material costs for utility (Le., electrical power, domestic water, 
sanitary sewer, etc.) hook-ups to office trailers and other temporary structures. This markup is applied at 6 
percent of Construction Direct labor dollars and is distributed at 35 percent to labor and 65 percent to 
material costs. 

B 
Job Clean-up 
This category includes the labor and material costs associated with the daily cleaning of the work area to 
maintain a safe and clean work area. This category is not intended to address the washdown of 
contaminated areas. This markup is applied at 6 percent of Construction Direct labor dollars and is 
distributed at 35 percent to labor and 65 percent to material costs. 

Contractor Safety 
This category includes general and subcontractor labor and material costs to conduct safety inspection- 
related meetings and purchase supplies. This markup is applied at 6 percent of Construction Direct labor 
dollars and is distributed at 35 percent to labor and 65 percent to material costs. 

Health Phvsics 
This category includes the labor costs of worker time for periodic radiological monitoring surveys and 
worker physicals. Labor costs will vary depending on the site conditions and job size. Health Physics 
typically includes the cost to purchase worker protective clothing. However, it is assumed that most new 

D 
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facility construction activities will be performed in a clean area, requiring little or no personal protective 
clothing. 

CERCLA (Site Access Training) 
This category includes the labor and material costs of contractor personnel CERCLA training and testing 
requirements. All construction craftsmen are required to have safety training prior to working on site. 
They must undergo medical examinations (entry and exit) and bioassay testing as well as annual refresher 
training for the duration of the construction project. It is assumed that 20 percent of the work force will be 
affected by attrition, and additional CERCLA costs will therefore be incurred against the project. 

Pavroll Burdens and Benefits 
This category includes the labor payroll and benefit costs the general contractor and subcontractors will 
incur in addition to the base salary for each construction craftsman. This markup is applied at 52 percent 
of Construction Direct labor dollars plus all previously listed Construction Indirect labor dollars. 

Overhead and Profit 
This category includes general contractor and subcontractor home office labor and material costs and profit. 
This markup is applied at 9 percent of all previous Construction Direct and Construction Indirect labor and 
material costs. 

Bond- 
This category includes the labor and material costs for the general contractor and subcontractor to bond the 
projects. A markup of 1 percent is applied against the total of all previous Construction Direct and 
Construction Indirect labor and material costs. 

K.2.1.3 Construction Direct and Indirect Costs 
This line item sums the Construction Direct and Construction Indirect labor, material, and total costs. 

K.2.1.4 Field S U D D O ~ ~  Costs 
The following categories address the site operating contractor’s field support material costs for each 
component cost summary. These costs are applied only at the component estimate level. Not all of the 
following field support costs are included with each component cost estimate. 

SarnDlindWaste Characterization 
This category includes the material cost to conduct a survey to verify the boundaries of excavation, 
determine whether sufficient quantities of contaminated soil have been removed to meet the established 
PRLs during excavation, and certify that cleanup goals have been attained. The surveys address both the 
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D radiological and non-radiological contaminants of concern in the soil. Costs for contamination surveys are 
also shown separately at the alternative estimate level. 

ContainerdODerating Contractor-Purchased Eauioment 
This category includes material costs of the site operating contractor’s initial purchase of material handling 
and construction equipment prior to the operations period, including strong-tight containers for final burial. 
These costs are construed as initial capital acquisition costs and are therefore included in the construction 
estimate. In cases where annual remediation activities will be performed by a construction contractor (i.e., 
soil excavation, backfill, on-site disposal cell, and consolidation area), it is assumed that the acquisition of 
required construction equipment will be the sole responsibility of the contractor, and it will be included in 
the Contractor Equipment Rental Construction Indirect costs. Periodic replacement costs for this equipment 
are shown at the operations and maintenance level (if appropriate). 

Proiect Management 
This category includes the cost of the operating contractor’s home office, project managers, office support, 
etc. All construction contractors’ Construction Direct and Construction Indirect costs and site contractor’s 
purchased equipment are subject to an 8 percent markup. 

Construction Management 
This category includes the cost of field management support. All Construction Direct and Construction 
Indirect costs are subject to a 4 percent markup. 

B 

K.2.1.5 Engineering Costs 
Engineering includes the cost that will be applied to each component estimate for engineering design 
services. 

ArchitecturaVEneineerine Subcontract 
Engineering costs include development of Title I and II project design drawings and specifications, and 
providing Title III engineering services. Engineering design costs are applied at 10 percent of total direct 
and indirect construction costs. Backfill engineering costs are applied at 4 percent. All engineering costs 
are assumed to be incurred for one year, and will be completed in 1996. 

K.2.1.6 Sales Tax 
Sales tax is assumed to be 6 percent and is applied to the Construction Direct material cost and 
Construction Indirect material costs except Contractor Supervision, Payroll Burdens and Benefits, Overhead 
and Profits, and Bond costs. Sales tax is also applied to ContainersDperating Contractor’s Purchased 
Equipment costs. 

B 
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4 K.2.1.7 Remediation ODerations and Maintenance Costs 
The following sections provide a description of the various cost categories for Remediation Operations and 
Maintenance. Operations and maintenance is a variable cost that is calculated on an annual basis. All 
operations and maintenance will commence in the year 1998. Durations will be 22, 25, or 70 years, 
depending on the component operational strategy. There will be no variation in operating durations for an 
increase or decrease in worker requirements or shortening of schedule. It is assumed that all costs will be 
incurred by the Site Operating Contractor, and that each worker will be paid for 8 hours per day regardless 
of the production need or worker productivity. Therefore, no radiological adjustments to labor are applied. 
However, employee personal protective equipment costs are also included with system operating and 
maintenance costs. Personal protective equipment costs are based on the information in Table K.2-2. 

A M U ~  aerations Costs . 
The following breakdown represents the categories costed for annual operations. Depending on the 
individual component operational strategies, some items may not apply. Reference the Key Assumptions 
for individual components in Section K.3.0 for further detail. . 

1. System Operating Personnel: The number of workers required to perform excavation, 
processing, material handling, or transportation and burial activities depending on 
component objectives. Costs include all the necessary payroll burdens and benefits (52 
percent) that will be incurred by the operating contractor. In addition, 15 percent is added 
to account for sick time, vacations, etc. Annual costs are dictated by the established 
operating schedules for each component. A sample calculation for system operating 
personnel might be: 

8 hours 

(No. of workers) ( day (260days ) (-) $16 (1.52) (1.15) 
worker year hour 

plus worker personal protective clothing requirements. Operating personnel are also marked up 
an additional 8 percent for the site operating contractor’s project management costs. 

2. Diesel Fuel: Includes the cost of diesel fuel for operating equipment and/or heating. 

3. Sewer Allowance: An allowance for operating on-site sewage treatment plants or otherwise. 
The allowance attempts to allocate costs to the appropriate component for operation of the 
centralized sewage treatment plant. 
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TABLE K.2-2 

PERSONNEL PROTECTION EQUIPMENT 
(260 DAYS/YR) 

Item Quantity Unit unit cost Total Cost 

Tyvek or Saranex Suits. 
Complete suit includes boots, 
hooded suit, duct tape, gloves. 
$20.00 each - 4 changes daily. 260 Days 

HEPA Cartridges - 2 per 
worker per day. 260 Days 

Half mask - 1 per worker, 
replace every 4 months. 3 Each 

Mask wash - 7 per worker per 
month. (Allowance) 1 L.S. 

Disposal of suits - 50 per barrel 
Barrels $40.00 each (55-gallon drum) 
Training - 74 hrs per worker x $25.00 
CERCLA (where required) - $1500 per worker 

$80 $20,800 

$20 * $5,200 

$60 $180 

$100 , $100 

Total - 
$26,300 

per worker 
per year 

5 
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Drinking Water (Potable): Includes the cost of providing drinking water to various on-site 
locations. 

4. 

5. 

6 .  

7. 

8. 

9. 

Chemicals: If applicable, import costs based on chemical usage requirements for a given 
process (Le., stabilization, soil washing, groundwater treatment). Depending on the 
chemical requirements, a sample calculation for the amount of Na, CO, for soil washing 
might be: 

(235 tons/year) ($14O/ton) 

Process Water: Process water requirements for treatment of soils for stabilization and soil 
washing processes. 

Transportation and Burial: Includes the cost to transport materials to staging areas. In the case 
of Off-Site Disposal, is included the cost of transportation and disposal of materials off site in 
addition to on-site handling costs. 

Electrical Consumption: Electrical energy costs at $0.035 per kilowatt-hour (KWH) to operate 
electrical machinery, total load. A demand factor (ratio of the maximum demand on the 
electrical system to the total c o ~ e ~ t e d  load of the system) is typically applied at 70-80 percent. 
Since equipment is usually rated in horsepower (hp), a sample calculation for electrical energy 
might be: 

Environmental Monitoring and Contamination Surveys: If applicable, annual analytical and 
labor costs are included to conduct radiological and non-radiological sampling of soils and 
localized environmental monitoring. To comply with the Waste Acceptance Criteria at an 
off-site disposal facility, laboratory sampling will be required prior to off-site shipment of 
waste. All environmental monitoring and contamination survey operational and maintenance 
costs are shown separately at the alternative cost level. Localized environmental monitoring 
costs are shown as a separate category for soil excavation backfill, on-site personnel, and 
consolidation at the component level. 

Annual Maintenance Costs 

The following breakdown represents the categories costed for annual maintenance. Depending on the 
individual component operational and maintenance strategies, some items may not apply. Reference the 
Key Assumptions for individual components in Section K.3.0 for further detail. 

1. System Maintenance Personnel: The number of workers required to perform routine 
maintenance on equipment. Costs include all the necessary payroll burdens and benefits and 
sick time, vacations, etc. (52 percent and 15 percent, respectively) that will be incurred by 
the operating contractor. Annual costs are dictated by the established schedules for each 
component. (Reference the sample calculation for system operations personnel .) 

FER\CRus\APXSwP-K\APPIfIgXn11/11/94,9:ssam K-2-8 
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2. Spare Parts: Includes the cost to carry inventory. For simplicity, the cost for spare parts is 
included under maintenance and repair costs. 

3. Maintenance and Repair: The material and labor cost of providing normal and emergency 
maintenance on equipment and systems, including the cost of spare parts. Annual 
maintenance and repair costs are calculated at 5 percent of the initial purchase cost. 

ReDlacement Costs 
Replacement costs will vary depending on the component. Equipment will be replaced periodically during 
its operating life. Replacement costs are calculated at full replacement cost over the operating life of the 
project. Reference the Key Assumptions for individual components in Section K.3.0 for further detail. 

K.2.1.8 Post-Remediation herations and Maintenance Costs 
The following sections provide a description of the various categories required for Post-Remediation 
Operations and Maintenance. Post-Remediation activities will include long-term monitoring, process 
facility and support structure decontamination and decommissioning, and miscellaneous operations and 
maintenance. Activities will start when operations and maintenance activities are completed (removal, 
treatment, and disposal of waste). Durations will vary depending on the component and its operational and 
post-remediation strategies. Reference the Key Assumptions for individual components in Section K.3 .O D for further detail. 

Decontamination and Decommissioning 
The costs for decontamination and decommissioning of facilities and equipment are based on historical data 
and actual take-off. Unit costs are applied where applicable. Salvage value of equipment is not considered 
in this analysis. 

ODerations Costs 

A M U ~  costs for periodic general up keep of grounds (e.g., mowing, etc.) and will include inspection, 
sampling, and testing of equipment. 

Maintenance Costs 
Annual costs for periodic maintenance and repair of equipment. 

ReDlacement Costs 

Costs for periodic replacement of equipment based on its expected length of life. Replacement frequency 
will vary depending on the equipment type and operational requirements. 

.. 

,.' 

.:: 
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Risk budget is a specific provision as a separate line item in the estimate to cover cost overruns that may 
result from incomplete design, unforeseen and unpredictable site conditions, or uncertainties. 

K.2.1.10 Contingency 
Contingency is a specific provision as a separate line item in the estimate to ensure a balanced cost risk. It 
is the amount to be added to the base estimate to achieve a 50 percent chance of overrun or underrun. 

K.2.2 ALTERNATIVE COST SUMMARY 
Table K.2-3 provides an example of an Alternative Cost Summary (in this case for Alternative 2A, Case 
2). The Alternative Cost Summary includes the construction, operations and maintenance, post- 
remediation, and total costs for each component of the selected alternative. Net Present Worth Costs are 
provided for each component. The Total Escalated Cost is also provided for each alternative. The 
Alternative Cost Summaries are created by interpolating the costs from the component cost curves (where 
applicable) at the corresponding media volume. 

The Alternative Cost Summaries include both risk budget and contingency at full levels. 

FER\CRUS\APXS\11/1 l/W,9SSam K-2- 10 
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TABLE K.2-3 

ALTERNATIVE COST SUMMARY EXAMPLE 

A L T E R N A T  

ALTERNATIVE:  2 A  

LOCATION:  P E M P  

C A S E  NO. a 

V E  C O S T  S U M M A R Y  

s n E E T :  1 

D A T E :  04  - N o v  - 8 3  

EST.  OEP' € 9 1 0 .  B Y :  
C H K D .  B Y :  F .  F C O Y I  

A L T P A C .  E S T .  FILE: 

Yoto: Al l  costs imcludo. Risk Budsot  and Coolinsonay 

- 

K-2- 1 1 
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K.3.0 COMPONENT COST ESTIMATES 

As stated previously, all the remedial alternatives are composed of a combination of common remedial 
components. Alternative costs were developed by applying the volume of contaminated media obtained 
from modeling to the component cost curves to determine the component cost for each alternative. The 
following sections outline the major cost elements of each component, identify the key assumptions for 
each component, provide the generated component cost curve, and present the component cost summaries. 
In the interest of avoiding excessive document size and a large amount of technical repetition, component 
cost summaries are provided for 1,500,000 yd’ and 2,000,000 yd3 soil volumes only. Great Miami Aquifer 
Groundwater Extraction and Groundwater and Wastewater Treatment component cost estimates for 6300 
and 7500 gpm are provided. 

Boundaries between construction, operations and maintenance, and post-remediation are explained in the 
narrative for each component. It is assumed, however, that annual remediation activities for the soil 
excavation, backfill, on-site disposal cell, and consolidation area will be performed by a construction 
contractor, and are therefore subject to the contractor appropriate indirect markups, as well as site 
operating contractor field support and engineering. Annual costs are estimated in the usual manner as 
explained in Section K.2.1.7. It is assumed that there will be contractor turnover every two years, and that 
full mobilization and demobilization costs will be incurred. 

K.3.1 SOIL EXCAVATION 
The soil excavation component includes construction, operations and maintenance, and post-remediation 
costs (as applicable) for; verification surveys of potential contamination zones, excavation and segregation 
of contaminated soils, excavation of on-property perched groundwater zones, excavation control surveys, 
stormwater controls, certification surveys of excavated areas, pre-treatment of RCRA waste-contaminated 
soils, and transportation of contaminated soils directly to the on-site disposal cell, consolidation area, or 
off-site disposal staging facility. 

B 

K.3.1.1 Kev Assumutions 
Construction 

1. Excavation activities will start in 1998. 

2. Excavation activities will be performed by a construction contractor. 

3. Construction activities include initial site preparation (cleaning and grubbing, etc.), the 
upgrade of all sitewide roadways, and other site improvements, as necessary. It is assumed 
that the construction of the roadways will not occur in contaminated areas, and therefore no 
radiological adjustments will be necessary. 

PW\CRUS\APXS\APP-KV\PPRTEXnll/ll/~,9:ss~ K-3-1 
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4. 

5.  

6. 

7. 

8. 

9. 

Included in the contamination survey cost at the alternative level are capital acquisition costs 
for a mobile laboratory and other analytical equipment to perform sample analysis. 

Given the commonality of soil excavation to all remediation components, the installation of 
all gravel and asphalt roadways are placed in the Soil Excavation Component. 

Labor costs are based on the worker requirements for the various volumes of in situ soils. 
Costs are estimated for 8 hours per day, 5 days per week, and 52 weeks per year. 
excavated volume, a work force of 1 1  to 16 must be available during operations. A 
maintenance staff of two has been included to conduct routine maintenance on equipment. 

For the 

Localized annual environmental monitoring costs are included during the excavation of soils. 

Soils containing RCRA hazardous waste will be treated at the point of excavation. Vendor- 
supplied mobile units will be purchased for the treatment of RCRA hazardous waste. After 
the soils are treated (e.g., the soil no longer contains the RCRA hazardous waste above the 
remediation levels), they will be dispositioned in accordance with the P U S .  If soils are 
below PRLs, they will be stockpiled for later use as backfill material. If the soil exceeds 
PRLs, it will be dispositioned according to the selected remedial alternatives (Le., disposal 
cell, consolidation, off-site disposal). 

It is assumed that heavy earth moving equipment will require full replacement once in 22 years 
of operation. Since it is difficult to predict when failures will occur, it was decided to show the 
replacement costs in the eleventh year of operation. Replacement costs for equipment are the 
sole responsibility of the construction contractor. 

Post-Remediation 
1. Soil excavation post-remediation activities for the specified volume variations includes the 

decontamination of earth moving equipment. No salvage value on equipment is considered. 

2. D&D activities will start in the year 2020 and will be completed in the same year. 

3. D&D activities will be performed by a construction contractor. All costs will therefore be 
subject to all construction contractor markups. 

K.3.1.2 Soil Excavation Cost Curve and Cost Summaries 
Figure K.3-1 provides the cost curve for soil excavation. Figures K.3-2 and K.3-3 provide the Soil 
Excavation Component Cost Summaries for 1,500,000 yd3 and 2,000,000 yd3, respectively. 
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COMPONENT COST'SUMMARY 

CODE 

COMPONENT 
TITLE: SOIL EXCAVATION 
LO CAT1 ON: FEMP 
VOLUME: 1.500.000 CUBIC YARDS 

ITEM DESCRIPTION M/H COST COST I COST 
PROCESS BUILDING 8,252 166.300 212.400 I 378.700 
ROADWAYS 31 1 6.400 105,000 I 1 1 1,400 
SITE PREPARATION 2,416 49.700 15,500 I 65,200 

SHEET: 1 
DATE: 02-NOv-94 
ESTD. BY. J.ADAMS 
CHKD. BY B. NEMAOE 
EST. FILE COMP 183 

CONSTRUCTION DIRECT COSTS 
CONTRACTOR SUPERVISION (OFFICE OVERHEAD) 
SMALL TOOLYCONSUMABLES 
CONTRACTOR EOUIPMENT RENTAL 
TEMPORARY FACILITIES 
TEMPORARY FACILITIES (HOOK-UP) 
JOB CLEAN-UP 
CONTRACTOR SAFETY 
HEALTH PHYSICS (RAD CHECK INTERRUPTIONlPROT CLOTHING) 
CERCLA (SITE ACCESSTRAINING) 
PAYROLL BURDENS & BENEFITS 
OVERHEAD L PROFIT (GC & SUBCONTRACTORS) 
BOND 
CONSTRUCTION INDIRECT COSTS 
CONSTRUCTION DIRECT & INDIRECT COSTS 

I I I LABOR I EST. F I L ~  TOTAL 

10,979 222,400 332.900 I 555,300 
37.808 37,808 

13.344 1 13.344 
65,600 I 65.600 

4,670 I 8,674 I 13.344 
2.335 I 4,337 a 6,672 
4,670 1 8.674 1 13 344 
2.335 I 4,337 I 6,672 

13 700 13.700 I 
14,800 1 25,000 I 39.800 

157.414 I 157.41 4 
41,412 41,658 i 83.070 

5,015 5,045 I 10 061 
460,828 284,161 176,668 I 

506,600 509,600 I 1,016,100 
CONTAINERS/OPERATlNG CONTRACTOR PURCHASED EQUIP. 

TOTAL COSTS (CONSTRUCTION, REMEDIATION O&M, POST-REMEDIATION O&M) 
RISK BUDGET I 13.00% 
CONTINGENCY 1 23.30% 

I 71,400,629 

1,731,700 I 1.73 1,700 

TOTAL PROJECT COST 1 97,319,057 

PROJECT MANAGEMENT 
CONSTRUCTION MANAGEMENT 

FIGURE K.3-2 - SOIL EXCAVATION COMPONENT COST SUMMARY (1.5 MILLION YD3) 
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ITEM DESCRIPTION MIH COST I COST 
PROCESS BUILDING 8,252 166 -1 

ROADWAYS 31 1 6,400 105,000 
SITE PREPARATION 2.41 6 49,700 15,500 

COMPONENT COST SUMMARY 

10,979 CONSTRUCTION DIRECT COSTS 

COMPONENT 
TITLE: SOIL EXCAVATION 
LOCATl ON : FEMP 
VOLUME: 2,000,000 CUBIC YARDS 

222700 332700  

SHEET: 1 
DATE: 02 -Nov-94 
ESTD. BY. J.ADAMS 
CHKD. BY 8 .  NEMADE 
EST. FILE COMPlB4 , 

SMALL TOOLSICONSUMABLES 
CONTRACTOR EQUIPMENT RENTAL 
TE.MPORARY FACILITIES 
TEMPORARY FACILITIES (HOOK-UP) 
JOB CLEAN-UP 
CONTRACTOR SAFETY 
HEALTH PHYSICS (RAD CHECK INTERRUPTION/PROT. CLOTHING) 
CERCLA (SITE ACCESS TRAINING) 
PAYROLL BURDENS & BENEFITS 
OVERHEAD & PROFIT (GC & SUBCONTRACTORS) 
BOND 
CONSTRUCTION INDIRECT COSTS 

" - a  .. I 

I 

rT z:z- 
13,344 

2.335 4,337 6 672 
4,670 8.674 j 13,344 
2,335 4,337 6,672 

13,700 13.700 
14.800 25,000 39,800 

157,414 I 157,414 
41,412 41,658 i 83,070 
5,015 5,045 , 10,061 

284.161 176.668 ~ 460.8 28 

M e V .  K: 1 I 

I I I LABOR I EST. FILG TOTAL 1 

CONSTRUCTION-DIRECT & INDIRECT COSTS t I 506,600 
CONTAINERS'OPERATING CONTRACTOR PURCHASED EQUIP 

1 
i.300 I 212.400 I 378.700 ! 

509,600 1 1,016,100 1 
1,794,100 1 1,794,100 

PROJECT MANAGEMENT 
CONSTRUCTION MANAGEMENT 
FIELD SUPPORT 
ARCHITECTURAUENGINEERING SUBCONTRACT 
ENGINEERIN G COSTS 

I 
COST I 

8 .OO% 224,800 
40,600 4 00% I 

2,059,500 
______ 

10 OO%l I 101 600 
1 01,630- 

! 
I 

-- 
- 

J 

111,400 I 
65,200 i 

555.300 :. 
- . .___. 

_----  . 
C:UN~I~HACTOK SUPEKVISION (OFFICE OVERHEAD) I I 37,808 I 1 -  37,808 I 

L 

FIGURE K.3-3 - SOIL EXCAVATION COMPONENT COST SUMMARY (2 MILLION YD3) 
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K.3.2 SOIL WASHING 
The soil washing component includes construction, operations and maintenance, and post-remediation costs 
(as applicable) for interim storage of contaminated soils, physical/chemical treatment of contaminated soils, 
interim storage of clean soils, stabilization, containerization, and interim storage of treatment 
wastdresidues, and transportation of stabilized wastes/residues. 

K.3.2.1 Kev AssumDtions 
Construction 

1. Construction activities will start in 1998 and be completed in the same year. 

2. The construction estimate includes site preparation, facility construction costs, and capital 
acquisition costs (e.g., purchase of equipment). 

3. Construction activities will be performed by a construction contractor. All costs are 
therefore subject to all construction contractor markups. 

4. Equipment capacities are based on processing 20 tons of soil per hour. The sixth-tenths rule 
is applied to the construction costs for the volume variations as explained in Section 
K.l. 1.3. 

5. Construction is assumed to be in a clean area and hence no radiological factors are applied. 

ODerations and Maintenance 
1. O&M activities will commence in 1998 and will continue for 22 years, into 2019. 

2. It is assumed that all O&M activities will be performed by the Site Operations Contractor. 

3. Operations and maintenance labor costs are based on the worker requirements for soil 
washing. Costs are estimated for 24 hours per day, 7 days per week, and 365 days per 
year. Production capacity is based on 66.7 percent efficiency. A worker force of 161 must 
be available during operations. An additional 27 workers have been. identified to operate 
portable stabilization units for residues from soil washing. It is practical to assume there 
would be some overlap of responsibilities. For this estimate, however, a conservative 
approach is taken by not overlapping responsibilities. 

A maintenance staff of 25 has been included to conduct routine maintenance on equipment. 
Maintenance costs include the cost of labor, repair, and cost of carrying inventory and spare 
parts for the 22-year period. Annual maintenance is estimated at 5 percent of the original 
purchase cost of equipment. 

4. Power requirements, are based on the estimated load with a demand factor of 80 percent. 
Costs are calculated at 3.5 cents per kilowatt-hour. 

5 .  Chemical reagent costs are based on the usage requirements for soil washing. Chemicals 
will be received by truck. 

K-3-6 
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6. It is assumed that 30 percent of the equipment at'the interim soil storage facility will require 
full replacement every 7 years. These costs are included in the "Replacement" column of 
the Remedial Operations category. 

Post-Remediation 
1. D&D activities will start in the year 2020 and will be completed in the same year. 

2. D&D activities will be performed by a construction contractor. All costs will therefore be 
subject to all construction contractor markups. 

K.3.2.2 Soil WashinP ComDonent Cost Curve and Cost Summaries 
Figure K.3-4 provides the cost curve for soil washing. Figures K.3-5 and K.3-6 provide the Soil Washing 
Component Cost Summaries for 1,500,000 yd3 and 2,000,000 yd3, respectively. 

K.3.3 OFF-SITE DISPOSAL 
The off-site disposal component includes construction, operations and maintenance, and post-remediation 
costs (as applicable) for; construction of a staging facility and rail spurs, loading of bulk soils and stabilized 
waste into rail cars, transportation to an off-site disposal facility, and waste disposal. 

@ K.3.3.1 Kev Assumotions 
Construction 

1. Construction activities will start in 1998 and be completed in the same year. 

2. The construction estimate includes site preparation and facility construction costs, including 
the addition of 2100 feet of rail spur to accommodate off-site transportation and erection of 
the staging facility; capital acquisition costs (e.g., purchase of equipment) are included in 
the construction estimate. Excluded from this estimate are the costs for off-site infra 
structure improvements and rail car storage yard upgrades. Considering the potential for a 
greater amount of rail traffic, it is assumed that all improvements, scheduling, and other 
logistical concerns will be negotiated in the contract. 

3. Construction activities will be performed by a construction contractor. All costs are 
therefore subject to all construction contractor markups. 

4. Construction is assumed to be in a clean area, and hence no radiological factors are applied. 

ODerations and Maintenance 
1. O&M activities will commence in 1998 and will continue for 22 years, into 2019. 

2. It is assumed that all O&M activities will be performed by the Site Operations 
Contractor. 

1 
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COMPONENT COST SUMMARY 

COMPONENT 
TITLE: SOIL WASHING 
LO CAT1 ON: FEMP 
VOLUME: 1,500,000 CUBIC YARDS 

lTEM.DESCRlPTlON CODE 
PROCESS BUILDING 
PROCESS ELECTRICAL 
PROCESS EQUIPMENT 
PROCESS INSTRUMENT 
PROCESS PIPE 
ROAD WAYS 
SITE PREPARATION 

SHEET: 1 
DATE: 08-Nov-94 
ESTD. BY. D. MALOTT 
CHKD. BY F. FLOYD 
EST. FILE COMP3C1 

-. - 
TOTAL- LABOR MATFRTAC- 

_ _  
M/H COST COST COST 

190,778 3,664,108 5,794,595 - 9,458.703 
21,949 443,317 4909629 933,946 
50,109 999,803 957,799 1,957,602 

5.565 112.915 281,122 394,037 
17,105 363,830 393,810 757,640 
7.1 11 168,977 360,140 _.. 529,117 

696,623 8,176 167,485 529,138 1 . . -- 
- 

B 

D 

I TOTAL PROJECT COST 1 1.1 13,352,000 1 

FIGURE K.3-5 - SOIL WASHING COMPONENT COST SUMMARY (1.5 MILLION YD3) 
FER\CRUSWXSWP-KWP~l1/11/94.9:55am K-3-9 - . . I  
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COMPONENT COST SUMMARY a 

LABOR --TOTAL 
CODE ITEM DESCRIPTION M/H COST 7,270,500-. COST ~ COST 

PROCESS BUILDING 244,224 4,668,884 11,939,384 
PROCESS ELECTRICAL 25.122 507,435 574,99_0-- 1,082.425 
PROCESS EQUIPMENT 56,825 1,136,134 1,200,933 2,337,067 
PROCESS INSTR U M ENT 6.481 131,436 354,617 486.053 
PROCESS PIPE 21,381 454,837 484.904 1 - 939,741 
ROAD WAYS 7,111 168,977 360,140 i .._ 529.1 17 
SITE PREPARATION 9.386 195.882 I 537.688 I 733.570 

COMPONENT 
TITLE: SOIL WASHING 
LO CAT1 ON: FEMP 
VOLUME: 2,000.000 CUBIC YARDS 

CONSTRUCTION DIRECT COSTS 
CONTRACTOR SUPERVISION (OFFICE OVERHEAD) 
SMALL TOOLSlCONSUMAELES 
CONTRACTOR EQUIPMENT RENTAL 
TEMPORARY FACILITIES 
TEMPORARY FACILITIES (HOOK-UP) 
J O E C L E A N - U P  
CONTRACTOR SAFETY 
HEALTH PHYSICS (RAD CHECK INTERRUPTlONlPROT CLOTHING) 
CERCLA (SITE ACCESSTRAINING) 
PAYROLL BURDENS & BENEFITS 
OVERHEAD & PROFIT (GC & SUBCONTRACTORS) 
BOND 
CONSTRUCTION INDIRECT COSTS 
CONSTRUCTION DIRECT & INDIRECT COSTS 

SHEET: 1 
DATE: 08-Nov-94 
ESTD. BY: 0. MALOTT 

F. FLOYD CHKD. BY 
COMP3D1 EST. FILE 

I 
10,783,772 I 18,z47,357 

! .  , c 2 3 4 . 8 0 9  
435.815 I 435.81 5 

1,041,563 1,041,563 

- 

283,280 435.815 - 
141,640 
283,280 I 
141,640 I 

I 

1,366,304 546,304 I 820,000 I 
I 4941,198 

1,253,789 2,553,704 
157,434 I 151,848 I 309 282 

8.637.267 4,552,854 I 13,19l.,l21 
15,900,900 15,336.600 1 31,237,500 

- 

SAM PLINGl WASTE CHARACTERIZATION 
TRANSPORTATION & BURIAL (HANDLING) 

78,500 I 78,500 
I 

FIGURE K.3-6 - SOIL WASHING COMPONENT COST SUMMARY (2 MILLION YW) 
F E R \ c R v 5 w S w P - K 1 1 / 1  l/W,9:55am K-3-10 

CONTAINERSOPERATING CONTRACTOR PURCHASED EQUIP , 15,839,553 I 15,839,553 
PROJECT MANAGEMENT 
CONSTRUCTION MANAGEMENT 
FIELD SUPPORT 
ARCH ITECTU RALlENG IN EERI NG SUBCONTRACT 

1 ENGINEERING COSTS 

2,499,000 8.00% 
4.00% 1,249,500 

19,666,553 
10.00% 1 3,123,750 

I 3,123,750 

SUB-TOTAL CONSTRUCTION COSTS 
SUB-TOTAL REMEDIATION O&M COSTS 
SUB-TOTAL POST-REMEDIATION 0 & M  COSTS 
TOTAL COsrS (CONSTRUCTION, REMEDIATIOM O&M, POST-REMEDIATION O&M) 
RISK B U D G E T  1 17.00%) 
CONTINGENCY I 50.00%1 
TOTAL PROJECT COST 

55,8 1 4,076 
636,791 ,+76 

16,404,480 

709,009.700 
120,531,649 
354,504,850 

1,184,046,200 
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D Rail Transportation 
1. 

2. 

3. 

4. 

5 .  

6. 

7. 

8. 

9. 

10. 

11. 

12. 

Excavated (bulk) soils, stabilized residues from groundwater treatment, and contaminated 
demolition rubble will be transported off site by rail car to a representative permitted 
commercial disposal facility in Utah. The number of shipments (rail cars) per volume 
scenario are based upon an assumed density of 100 pounds per ft? for soil, 35 pounds per ft? 
for demolition rubble, and the use of 55-gallon drums for stabilized residues. 

Rail car calculations are based on the utilization of 100-ton cars to transport waste materials 
off site. The net payload per 100 ton car is assumed to be 80 tons. Normally, trains can 
consist of 50 to 100 cars. Given the fact that there may be limited space available at the 
F E W  to accommodate the storage of 100 cars, rail shipments are based on a train of 50 
cars. 

Rail cars will be leased through the rail company. It is assumed that maintenance of the rail 
cars and associated equipment repair will be performed by the operating rail company. 

Off-site transportation costs include material handling, packaging (loading of rail cars at the 
FEMP), rail transportation, and disposal costs to an off-site facility. Transportation costs 
are calculated at $2.50 per rail-mile, and marshalling costs are included at $10 per rail car. 
Disposal costs are estimated at $8/e. An additional work force of 12 is included for 
miscellaneous handling activities at the FEMP. The estimated distance traveled to the off- 
site disposal facility is 1900 miles by rail. 

The off-site shipment of contaminated soils will occur for 22 years. 

Operations and maintenance labor costs are based on the worker requirements for off-site 
disposal. Costs are estimated for 8 hours per day, 5 days per week, and 52 weeks per year. 

The maximum production rate for rail car filling operations is five cars per day. At this rate, 
demand can be met with the established work force for the given volumes with the exception of 
the 2 million yd3 scenario. Overtime or a larger work force will be required. Labor hours 
have therefore been adjusted accordingly for the 2 million yd3 option. 

Maintenance costs include the cost of labor, repair, and cost of carrying inventory and spare 
parts for the 22-year period. Annual maintenance is estimated at 5 percent of the original 
purchase cost of equipment. 

It is assumed that rail car maintenance will be performed by the railroad operating company 

It is assumed that the equipment at the staging facility will require full replacement once in 22 
years and building roof replacement once in 22 years. These costs are included in the 
"Replacement" column of the Remedial Operations category. 

All operations and maintenance activities will be performed by the Site Operating Contractor. 

Off-site disposal soil volumes not exceeding 50,OOO yd3 total will be transported off-site by 
truck. 

- Costs are based on unit costs obtained from other transportation studies. 

!.. 
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- Truck transportation and disposal costs are applied at the alternative level. 
- The unit costs are applied to operations and maintenance costs,only. 
- A 2 yd’ strong tight container will be used for truck shipment with each 

container costing $700. A flat-bed truck will be used to transport the containers. 
- Truck transportation costs are based on $648 per yd’. The cost includes the purchase 

of containers, packaging and other handling requirements, and transportation. 
- Given the smaller quantities, it is assumed that disposal costs are $10 per yd’. 
- No off-site disposal staging facility will be constructed. The central storage facility will 

be used for staging and packaging soil volumes not exceeding 50,OOO yd’ total. 

Post-Remediation 
1 .  Demolition of the Off-Site Disposal Staging Facility will occur in 2020. 

2. D&D activities will be performed by a construction contractor. All costs will therefore be 
subject to all construction contractor markups. 

K.3.3.2 Off-Site Disposal Component Cost Curves and Cost Summaries 
Figure K.3-7 provides the cost curve for off-site disposal. Figures K.3-8 and K.3-9 provide the Off-Site 
Disposal Component Cost Summaries for 1,500,000 yd’ and 2,000,000 yd’, respectively. 

K.3.4 STABILIZATION 4 
The stabilization component includes construction, operations and maintenance, and post-remediation costs 
(as applicable) for interim storage of contaminated soils, construction of a stabilization facility and process 
and rail spur, and packaging and transportation of stabilized soils. 

K.3.4.1 Kev Assumutions 
Construction 

1. 

2. 

3. 

4. 

5 .  

6.  

Construction activities will start in 1998 and be completed in the same year. 

The construction estimate includes site preparation, facility construction costs, and capital 
acquisition costs (e.g., purchase of equipment). 

Construction activities will be performed by a construction contractor. All costs are 
therefore subject to all construction contractor markups. 

Equipment capacities are based on processing 20 tons of soil per hour. The sixth-tenths rule 
is applied to the construction costs for the volume variatiotis. 

The construction cost estimate includes the cost of extending 2100 feet of rail spur to the 
stabilization plant location. 

Construction is assumed to be in a clean area, and hence no radiological factors are applied. 

K-3-12 
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4 COMPONENT COST SUMMARY I 

1 CODE ITEM DESCRIPTION 
I ! ROADWAYS 
I SITE PREPARATION 

1 CONTRACTOR SUPERVISION (OFFICE OVERHEAD) 
I S M A L L  TOOWCONSUMABLES 
; CONTRACTOR EQUIPMENT RENTAL 
I TEMPORARY FACILITIES 
1 TEMPORARY FACILITIES (HOOK-UP) 
I JOBCLEAN-UP 
I CONTRACTORSAFER 
1 HULTH PHYSICS (RAD. CHECK WTERRUPTIONPROT. CLOTHING) 
I CERCU(SITEACCESSTR4INING) 
I PAYROLL BURDENS & BENEFrrS / OVERHEAD & PROFIT (GC & SUBCONTRACTORS) 
1 BOND 
I CONSTRUCTION INDIRECT COSTS 

PROCESS EQUIPMENT 

CONSTRUCTION DIRECT COSTS 

I 

;COMPONENT i TITLE: OFF-SITE DISPOSAL 
1 LOCATION: FEMP 

1,500,000 CUBIC YARDS I "OLUME: 

LABOR M A T E W A r -  f 0 - C  
M/H COST COST ' COST 

4.940 89.112 224,426 3 13.538 - 
1.167 22,590 55,407 - 77.997- 

38,431 799,603 2,069,218 2.868,821 
44,538 911,305 2,349,051 I 3,260,356 

154,922 154,922 
54.678 54,678 

93.014 93.01 4 
19,137 I 35.541 54.678 
9,569 1 17,770 27.339 

19,137 I 35.541 54,678 
9,569 I 17.770 27,339 

45,565 i 157,800 203.365 

619,426 619.426 
41 1,462 1 62,957 248,505 

19,736 30,097 49,833 
1.082.018 690,717 ! 1,772.735 

- ._-- 

-- 

22,000 t 22.000 

SHEET: 1 
DATE: 02-Nov-94 
ESTD. BY. B.NEMADE 
CHKD. BY F. FLOYD 
EST. FILE COMPICSM 

i CONSTRUCTION DIRECT' & INDIRECT COSTS I 1,993,300 
1 CONTAINERS/OPERATING CONTRACTOR PURCHASED EQUIP. 

3,039.800 5,033.100 
1,410,100 I 1.410.100 

1 TOTAL PROJECI' COSTS j 874,083,800 

FIGURE K.3-8 - OFF-SITE DISPOSAL COMPONENT COST SUMMARY (1.5 MILLION YD3) 
F E R \ C R U ~ \ A P X S U P P - ~ ~ ~ ~ / ~ ~ I W . ~ : J S U I I  K-3-14 
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COMPONENT COST SUMMARY 

COMPONENT 

LO CAT1 ON: FEMP 
VOLUME: 2,000,000 CUBIC YARDS 

TITLE: OFF-SITE DISPOSAL 
SHEET: 1 
DATE: 02- N ~ v - 9 4  
ESTD. BY: B.NEMADE 
CHKD. BY F. FLOYD 
EST. FILE COMP4DSM 
REV. #: 1 

I I U B O R  I M A Z m A L  I T O T A T  

54,678 
93,014 

SMALL TOOLSKONSUMABLES 
COYTRACTOR EQUIPMENT RENTAL 
TEMPORARY FACILITIES 54,678 
TEMPORARY FACILITIES (HOOK- UP) 1 7,770 27,339 

I /  . 
?; 

SALES TAX 
, 7,913,610 

1 689,037,760 
;5 SUB-TOTAL CONSTRUCTION COSTS 

SUB-TOTAL REMEDIATION O&M COSTS 

, >”> 

’{ 

, 
TOTAL PROJECT COSTS I 1,147,986,100 1 

I 
FIGURE K.3-9 - OFF-SITE DISPOSAL COMPONENT COST SUMMARY (2 MILLION YD3) 

FER\cRUS~SWP-K\APPKTEXnl1/1 l/W,9:SJam K-3-15 
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ODerations and Maintenance 
1. O&M activities will commence in 1998 and will continue for 22 years, into 2019. 

2. It is assumed that all O&M activities will be performed by the Site Operating Contractor. 

3. Operations and maintenance labor costs are based on the worker requirements for 
stabilization. Costs are estimated for 24 hours per day, 5 days per week, and 250 days per 
year. Production capacity is based on 66.7 percent efficiency. A work force of roughly 
159 must be available during operations for 2,000,000 yd’ of in situ soils. A maintenance 
staff of 24 has been included to conduct routine maintenance on equipment. Maintenance 
costs include the cost of labor, repair, and cost of carrying inventory and spare parts for the 
22-year period. Annual maintenance is estimated at 5 percent of the original purchase cost 
of equipment. 

4. Power requirements are based on the estimated load with a demand factor of 80 percent. 
Costs are calculated at 3.5 cents per kilowatt-hour. 

5. Chemical reagents will be received by train. Chemical costs are based on the usage 
requirements for stabilization. Cement will be received from off site. The Active Flyash 
Pile at the FEMP will be used as a source of flyash for the stabilization process; at which 
only material handling costs are considered. 

6. It is assumed that 30 percent of the equipment at the staging facility will require full 
replacement every 7 years. 

Post-Remediation 
1 .  D&D activities will start in the year 2020 and be completed in the same year 

2. D&D activities will be performed by a construction contractor. All costs will therefore be 
subject to all construction contractor markups. 

K.3.4.2 Stabilization Comuonent Cost Curve and Cost Summaries 
Figure K.3-10 provides the ’cost curve for stabilization. Figures K.3-11 and K.3-12 provide the 
Stabilization Component Cost Summaries for 1,500,000 yd’ and 2,000,000 yd’, respectively. 

FW\CRUS\APXS\ll I1 1 IW.9:SSam K-3-16 
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COMPONENT COST SUMMARY -7 

CODE 

COMPONENT SHEET: 1 
TITLE: STAB1 UZATl ON DATE: 08-NOV-94 
LOCATIO N : FEMP ESTD. BY: D. MALOIT 
VOLUME: 1,500,000 CUBIC YARDS CHKD. BY F.FL0YD . 

COMPSC EST. FILE 

I I I LABOR I MATERIAL I TOTAL 
ITEM DESCRIPTION M/H COST COST COST 

376,248 7,140,916 5,399,440 12,540,356 PROCESS BUILDING 
865,581 PROCESS ELECTRICAL 18,478 370,708 494,873 

PROCESS EQUIPMENT 35,566 701,474 100,422 801,896 
PROCESS INSTRUMENT 6,016 121,105 729,600 850,705 
PROCESS PIPE 13,454 286,498 188,396 474,894 

505,839 ROADWAYS 7,111 145,699 360,140 
SITE PREPARATION 10,383 384,312 I 443,186 I - 827,498 

._ 

____ 

I 

I 
I 

FIGURE K.3-11 - STABILIZATION COMPONENT COST SUMMARY (1.5 MILLION YD3) 
F W \ C R U S \ A P X S \ A P P - K 1 1  I1 1 IW. 9:55am 
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COMPONENT COST SUMMARY 

COMPONENT 
TITLE: STAB1 UZATl 0 N 
LO CAT1 ON: FEMP 
VOLUME: 2,000,000 CUBIC YARDS 

SHEET: 1 
DATE: 08-Nov-94 
ESTD. BY: D. MALOIT 

F. FLOYD CHKD. BY 
EST. FILE COMPSD 

_ _  
LABOR MKTrmAL TOTAL 

CODE ITEM DESCRIPTION M/H COST COST COST 
PROCESS BUILDING 445.870 8,461,345 6,277,507- 14,738,852 
PROCESS ELECTRICAL 20,667 414,638 5303 19- 945.157 

-- ---- 

PROCESS EQUIPMENT 45,868 901,449 1 19,252 1,020,701 
PROCESS INSTRUMENT 7,105 143.040 855.000 998,040 
PROCESS PIPE 15,974 340,171 224,656 564,827 

505,839 ROADWAYS 7,111 145,699 360,140 
91 9,725 SITE PREPARATION 10.574 476,539 443,186 

__ ._ - 

__ ____- -____ .-____ 

FIGURE K.3-12 - STABILIZATION COMPONENT COST SUMMARY (2 MILLION YD3) 
PW\CRUS\APXS\APP-K\APPKTEXnll/l llW,9:55m 
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K.3.5 CONSOLIDATION 
The consolidation component includes construction by an outside contractor for placement of bulk or 
treated soils, construction of an earthen cover or multilayer cap, and security fencing. Post-remediation 
will include long-term maintenance, long-term environmental monitoring, and stormwater controls. This 
component also includes construction of a staging facility/area for cap material. 

K.3.5.1 Kev AssumDtions 
Construction 

1 .  

2. 

3. 

4. 

5. 

6 .  

7. 

8. 

Construction activities will start in 1998 and will continue for 22 years into 2019. 

Construction activities will be performed by a construction contractor. All costs are 
therefore subject to all construction contractor markups. Annual consolidation area 
construction will be performed by a construction contractor as well. 

The area chosen for consolidation will require some site preparation and security 
fencing prior to the start of operations. 

The installation of long-term groundwater monitoring wells (numbers as specified) 
for each volume variation are included in the construction costs. 

Stormwater collection will be required. Stormwater run-off will also be diverted 
around the consolidated area to minimize infiltration during and after construction. 
Ditches and silt fences will be utilized to capture suspended solids in stormwater 
runoff. 

Contaminated soils will be disposed of in the consolidation area with an earthen 
cover with 12 inches of compacted soil, topsoil, and seeding the disturbed area. 

Stabilized soil will be disposed of in a consolidation area with a multi-layer cap. 
Cap costs are based on the following assumptions: 

- The site contractor’s manpower varied from 10 to 15 as the volume of consolidation 
pile increased. This additional manpower is for moving stabilized blocks, setting in 
place geosynthetic materials in the cap, and handling additional construction 
equipment. 
This option assumes clean soil will be borrowed from off site for slope protection. - 

The construction contractor’s labor costs are based on the worker requirements for 
consolidation. Production assumes that 600 yd3 per day of material will be available 
for the consolidation pile from the 1,000,OOO yd3 volume. It could be easily 
assumed that worker requirements would increase or decrease proportionately for 
the other volumes. However, as noted in Section K.2.1.7, workers are paid for a 
full day’s work. Costs are therefore estimated for 8 hours per day, 5 days per 
week, and 250 days per year. A work force of 12 will be required during 
operations for the 2,000,000 yd3 scenario. Maintenance crews have been included 
to conduct routine maintenance on earth moving equipment. A maintenance crew of 
five workers is required for the 2,000,000 yd3 volume. Maintenance costs include 

F W \ C R U S A P X S \ A e P - K W P ~ l l l l  llW.9:55~11 K-3-20 
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the cost of labor, repair, and cost of carrying inventory and spare parts for the 22- 
year period. Annual maintenance is estimated at 5 percent of the original purchase 
cost of equipment. 

9. The cost to operate long-term monitoring wells is included in the annual construction cost. 
Annual long-term monitoring labor costs are based on two man days/well/year. Annual 
construction costs are distributed at 80 percent of the total monitoring operating costs, and 20 
percent for maintenance. It is assumed that 30 percent of the wells will require full replacement 
during this period. Replacement costs are therefore calculated at 30 percent of the total 
installation costs and are distributed uniformly throughout the 22-year operating period. 

10. Consolidation construction remediation activities include the cost for heavy equipment 
installations, construction of the consolidation pile, and periodic pumping of long-term 
monitoring wells. 

Operations and Maintenance 
1. Construction of the consolidation pile will be performed by a construction contractor 

Post-Remediation 
1. Continued sampling of monitoring wells from year 23 to year 120 (an additional 98 years), until 

the year 21 18. It is assumed that environmental monitoring requirements will be reevaluated at 
that time. 

K.3.5.2 Consolidation Comuonent Cost Curve and Cost Summaries B 
Figure K.3-13 provides the cost curve for consolidation with an earthen cover. Figures K.3-14 and K.3-15 
provide the Consolidation (Earthen Cover) Component Cost Summaries for 1,500;OOO yd3 and 2,000,000 
yd3, respectively: 

Figure K.3-16 provides the cost curve for consolidation with a RCRA cover. Figures K.3-17 and K.3-18 
provide the Consolidation (RCRA Cover) Component Cost Summaries for 1,500,000 yd3 and 2,000,000 
yd', respectively. 

K.3.6 ON-PROPERTY DISPOSAL CELL 
The on-property disposal cell component includes construction by an outside contractor. Costs also include 
construction of a staging facility to store capping materials. The engineered cell will be constructed with 
an appropriate liner and multilayer cap and security fencing. Post-remediation will be done by site 
operating forces and will include long-term maintenance, long-term environmental monitoring, and 
stormwater controls. 
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I COMPONENT COST SUMMARY 
Bi 

CODE 

B 

LABOR MATERIAL T O - T T  
ITEM. DESCRIPTION. M/H COST COST COST 

COMPONENT 
TITLE: CONSOLIDATION (EARTHEN COVER) 
LOCATION: FEMP 
VOLUME: 1,500,000 CUBIC YARDS 

S T [ F  PREP-TION 7,628 
CONSTRUCTION DIRECT COSTS 7,628 

CONTRACTOR SUPERVISION (OF!?ICE OVERHEAD) 
SMALL TOOLS/CONSUMABLES 
CONTRACTOR EQUIPMENTRENTAL 

SHEET: 1 
DATE: 02-NOV-94 
ESTD. BY: 8. NEMADE 
CHKD. BY F.FL0YD 
EST. FILE COMP6CSl 

656,973 I 8c9,131 
152,158 6 5 m 3 - 7  809,131 

25.867 I 25,867 
9,129 I 9,129 

118,440 1 118,440 

152,158 

FIGURE K.3-14 - CONSOLIDATION (EARTHEN COVER) COMPONENT COST SUMMARY 
(1.5 MILLION YD3) 
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4 COMPONENT COST SUMMARY 

1 

CODE ITEM DESCRIPTION.. 
S I T E  PREPARATION 

CONSTKU CrION DIRECT COSTS 
CONTIWCI'OR SUPERVISION (OFFICE OVERH€.-\D) 
SMALL TOOLSKONSUMABLES 
CONTRACTOR EQUIPMENTRENTAL 
TEMPORARY FACILITIES 
TEMPORARY FACILITIES (HOOK-UP) 
JOB CLEAN-UP 
COKIRACI'OR SAFETY 
HEALTH PHYSICS (RAD. CHECK NERRUPTIONIPROT. CLOTHING) 
CERCLA (SITE ACCESS TRAINING) 
PAYROLL BURDENS & BENEFITS 

M/H LABOR COST MATFRK~CT--~;= COST 

8,533 170,197 795,088 I 965,285 
8,533 170,197 795.088-- /196328r !  

28,933 I 28.933 ! 

139.046 I 139.046 1 
1,787 1 3,319 5,106 ! 

1,787 I 3.319 1 5.106 
8.510 I 105,200 I 113,710 ; 

16,000 I i 16,000 , 

10,212 I 10,212 

3,574 6.638 I 10,212 ( j  
3,574 1 6.638 ! 10.212 ' 

121.869 . 121.869 I 
: 

COMPONENT 
TITLE: CONSOLIDATION (EARTHEN COVER) 
LOCATION: FEMP 
VOLUME: 2,000,000 CUBIC YARDS ' 

CODE ITEM DESCRIPTION 
1 S I T E  PREPARATION 

CONSTKU CrION DIRECT COSTS 
CONTIWCI'OR SUPERVISION (OFFICE OVERH€.-\D) 
SMALLTOOLSlCONSUMABt IX 

) T F l  
M/H COST COST I COST ' 

8,533 170,197 795,088 I 965,285 
8,533 170,197 795,088-- /196328r  

28,933 I 28.933 ' 
10212 I 10 212 ~~ - 

CONTRACTOR EQUIPMENT ALI- I- 

TEMPORARY FACILITIES 
m i a n n o  . D w c. r n  m c c  t u n n w - r  ID\ t I .--.- .- , .--.- - ~ 

3,574 I 6.638 I 10,212 j 
1 7 R 7  1 1 7 1 9  ! 5 106 I 

OVERHEAD & PROFIT (GC & SUBCONTRArnORS) 
BOND 
CONSTRUCTION INDIRECT COSTS 

1184,792,500 i TOTAL PROJECT COST 

32.061 I 96,251 1 128,312 1 
3.883 I 11,657 ' 15,540 

221,978 1 382,279 I 604,257 

FIGURE K.3-15 - CONSOLIDATION (EARTHEN COVER) COMPONENT COST SUMMARY 
(2 MILLION YD') 

CONTAINERS/OPERATING COPFIRAC'rOR PURCHASED EQUIP. 
PROJECT MANAGEMENT 

CONSTRUCX'ION MANAGEMENT 
FIELD SUPPORT 
ARCHITECIURAUENGINEERMG SUBCONTRACT 

K-3-24 

I 920,025 
920*025 I 1;p;  4 8.00%0 

4.00% 
1 1.182.025 

10.00% I 156 950 
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COMPONENT COST SUMMARY 

DATE: 02-NOV-94 
ESTD. BY: 8. NEMADE 
CHKD. BY F.FLOYD 

COMPONENT 
TITLE: 
LOCATION: FEMP 

CONSOLIDATION ( RCRA COVER ) 

1,500,000 CUBIC YARDS I 

FIGURE K.3-17 - CONSOLIDATION (RCRA COVER) COMPONENT COST SUMMARY 
(1.5 MILLION yD3) 
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I COMPONENT COST SUMMARY 

REV. #: 1 
LABOR MATFRIAL - - - T O - T r  

CODE ITEM DESCRIPTION M/H COST COST COST 
909,26 1 PROCESS BUILDING 1 1,623 232,088 677,173 1 

SITE PREPARATION 8,533 170,197 , 47-2~2-6-i--l 795,088 I .;.. 965,285 . ~ - -  ... 

CONSTRUCTION DIRECT. COSTS 20,156 402.285 874 546 j 
CONTRACTOR SUPERVISION (OFFICE OVERHE-) 68,388 1 -  68.388 
S M A L L  TOOLSKONSUMABLES 24,137 1 24.137 
CONTRACTOR EQUIPMENT RENTAL 139,150 i_  139,150 
TEMPORARY FACILITIES 8.448 15.689 ~ 24,137 

__ __ 

COMPONENT 
TITLE: 
LOCATION: FEMP 
VOLUME: 2,000,000 CUBIC YARDS 

CONSOLIDATION ( RCRA COVER ) 
SHEET: 1 
DATE: 02-Nov-94 
ESTD. BY: 8. NEMADE 
CHKD. BY F.FLOYD 
EST. FILE CMP6DBS1 

I0,UUU 

PAYROLL BURDENS & BENEFTS 276,708 I 276,708 i 
OVERHEAD & PRORT (GC Sr SUBCONTRACTORS) 72.796 160.903 I 233,699 1 

28.304 ' BOND 8,816 19,487 
CONSTRUCTION INDIRECT COSTS 488,167 495,945 I 984,112 
CONSTRUCTION DIRECT & INDIRECT COSTS I 890,500 I 1,968,200 1 2,858,700 

PROJECT MANAGEMENT I 8.00% 302,300 
CONSTRUCTION MANAGEMEW I 4.00% I 1 14,300 
FIELD SUPPORT I I 1,336,625 

ENGINEERING COSTS I I 285,870 
SALES riv< 162.500 

SUB-TOTAL SITE WORKS CONSTRUCTION COSTS 1 4.643.695 

CONTAINERSlOPERATING CONTRAmOR PURCHASED EQUIP. I I 920,025 I 920.025 
I 

I .ARCHITECTURAUENGINEERING SUBCONTRACT I 10.00%1 I 285 870 

600% OF FIELD MATERIAL AND OPER. CONTRACTOR PURCI-tUjED EOIJIP ' 

1 SUB-TOTAL. CONSTRUCTION OPERATIONS COSTS i 21 8.255.142 i 

FIGURE K.3-18 - CONSOLIDATION (RCRA COVER) COMPONENT COST SUMMARY 
(2 MILLION YD3) 
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K.3.6.1 Kev AssumDtions 
Construction 

1. Construction activities will start in 1998 and will continue for 22 years into 2019. 

(I 
November 14, 1994 

2. Construction activities will be performed by a construction contractor. All costs are 
therefore subject to all construction contractor markups. Annual on-property disposal cell 
construction will be performed by a construction contractor as well. 

3. The area chosen for the on-property disposal cell will require some extensive cut and fill 
operations, site preparation, and security fence prior to the start of operations. 

4. The installation of long-term groundwater monitoring wells (numbers as specified) for each 
volume variation are included in the construction costs. 

5. Contaminated soil and stabilized wastes will be disposed of in the on-property disposal cell. 
Costs are based on: 

The cell will be constructed in modules over 22 years. Each module will have 
capacity equal to 1/22 of~the total soil volume. The berm around the cell is 
constructed approximately 5 percent size each year till the entire perimeter area is 
completed in 22 years. Hence it is assumed that the construction contractor has to 
periodically visit the site and construct the continuing berm before waste placing 
operation begins each year. The cross section of the typical cell describes the 
thickness of each layer. 

6. The disposal cell will not be completed until the last of the waste has been placed. A 
portion of the berms and the linear system will be constructed in the northeast corner of the 
cell footprint. Once this portion of the liner is completed, placement of waste begins and 
continues until the earthen capping is completed. The new section of liner is then 
constructed by the construction contractor and placement of waste resumes. 

7. The construction contractor's labor costs are based on the worker requirements for on-site 
disposal. Operations costs are estimated at 8 hours per day; 5 days per week; and 250 days 
per year. A worker force of 12 will be available during operations for the 2,000,000 yd3 
scenario. A maintenance crew has been included to conduct routine maintenance on earth 
moving equipment. A crew of 5 workers is required for the 2,000,000 yd3 volume. 
Maintenance costs include the cost of labor, repair, and cost of carrying inventory and spare 
parts for the 22 year period. Annual maintenance is estimated at 5 percent of the original 
purchase cost of equipment. 

8. The cost to operate long-term groundwater monitoring wells is included in the annual 
Construction costs through the last year of construction. Annual long-term monitoring well 
costs are based on 2 mandays/well/year. Annual long-term monitoring labor costs are 
based on 2 mandays/well/year. Annual construction costs are distributed at 80 percent of 
the total monitoring operating costs, and 20 percent for maintenance. It is assumed that 30 
percent of the wells will require full replacement during this period. Replacement cost are 
therefore calculated at 30 percent of the total installation costs and are distributed at 7 year 
intervals. Long-term environmental monitoring costs past year 22 are included as post- 
remediation operations and maintenance costs. 

F E R \ C R U 5 \ A P X S ~ P - ~ P ~ l l / l l / W . 9 : 5 5 ~  K-3-28 (gQ? ry 0 *& 
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B operations and Maintenance 
1. Construction of the on-property disposal cell will be performed by ,a construction contractor. 

Post-Remediation 
1. Continued sampling of monitoring wells from year 23 to 120 (additional 98 years) until the 

year 21 18. It is assumed that environmental monitoring requirements will be reevaluated at 
that time. 

2. The cap material staging facility/area will be demolished in the year 2020. 

3. Demolition rubble will be packaged appropriately and shipped off site for final disposal. 

4. D&D activities will be performed by a construction contractor. All costs will therefore be 
subject to all construction contractor markups. 

K.3.6.2 On-ProDerty DisDosal Cell ComDonent Cost Curve and Cost Summaries 
Figure K.3-19 provides the cost curve for the on-property disposal cell. Figures K.3-20 and K.3-21 
provide the On-Site Disposal Component Cost Summaries for 1,500,000 yd3 and 2,000,000 yd3, 
respectively. 

K.3.7 BACKFILL 
The backfill component includes construction by an outside contractor. In situ backfilling will include the ' 
excavation of backfill from on-property borrow areas or stockpiles, placement of backfill in excavated 
areas, topsoil placement, and revegetation. 

K.3.7.1 Kev AssumDtions 
Construction 

1. Construction activities will start in 1998 and will continue for 22 years into 2019. 

2. Construction activities will be performed by a construction contractor. All costs are therefore 
subject to all construction contractor markups. Annual backfilling construction will be 
performed by a construction contractor as well. 

3. Backfilling construction will continue for 22 years for 8 hours per day; 5 days per week; 52 
weeks per year. Given the relationship between excavation and backfilling, it is assumed the 2 
worker maintenance crew will be available to perform routine maintenance on backfill ' 

equipment. 

4. Backfill is borrowed from on-property areas or stockpiles to replace the voided space from soil 
excavation greater than 1.5 feet deep. All other excavated areas (less than 1.5 feet) will be 
regarded for positive drainage away from on-property disposal areas. Borrowed volumes for 
the replacement of soils were calculated using "swell" at 27 percent above the in situ volumes. 
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COMPONENT COST SUMMARY 
I 

1 COMPONENT 
[ TITLE: ON-SITE DISPOSAL C E U  (SOILS) 
LOCATION: FEMP 
VOLUME: 1,500,000 CUBIC YARDS 

i 
' I  

I 
SHEET: 

ESTD. BY: 8.NEMADE 
CHKD. BY F.FLOYD 1 
EST. FILE COMP7CS1 

DATE: 01 -Nov-94 

B 
FIGURE K.3-20 - ON-SITE DISPOSAL COMPONENT COST SUMMARY (1.5 MILLION YD3) 
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COMPONENT COST SUMMARY 

, 1 CODE 

I 

TITLE: ON-SITE DISPOSAL CELL (SOILS) 

VOLUME: 2,000,000 CUBIC YARDS 
1 LOCATION: FEMP 

COST 
LABOR MATMAL I 

ITEM DESCRIPTION M/H COST COST 
426.282 1 374,976 I ___ ROADWAYS 2,566 5 1,306 

I 

S I T E  PREPARATION 
' CONSTRUCTION DIRECT COSTS 

I SMALL TOOLYCONSUMABLES 
CONTRACTOR SUPERVISION (OFFICE OVERHEAD) . 

CONTRACTOR EQUIPMENT RENTAL 
TEMPORARY FACILITIES 
TEMPORARY FACILITIES (HOOK- UP) 
JOB CLEAN-UP 

i CONTRACTOR SAFETY 

SHEET: 

ESTD. BY 8.NEMADE 1 
EST. FILE COMP7DS1 1 

DATE: 01-NOV-94 1 

CHKD. BY F.FL0YD i 

1,392,213--3 

- _  7 88,130 I 88,130 I 

23,189 467,106 925#107_-i---. .- --_ - ._ - 
25,755 I 518,412 1.300.083 I 1,818,495 

1 31,105 i 31,105 1 
235.920 ! 235,920 

5,443 I 10,109 ' 15,552 

5.443 1 10,109 : 15,552 

10,887 I 20.218 I 31,105 ! 

10,887 1 20.218 I 3 i m - ' '  

TOTAL C o n  (CONSTRUCIION, O&M & POST-REMEDIATION) 
RISK BUDGET I 19.00% 
CONTINGENCY I 24.30% 

233,735,515 j 
44,409,748 , 
56,797,730 I '  

I TOTAL PROJECT COST I 334,943.000 [ 
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5. No consideration was taken for the two CG&E right-of-ways (138kV, 238 kV) which traverse 
the on-property borrow area. No cost for pilings/concrete retaining walls, sloping earth, etc., 
was added. 

6. No buildings are constructed by this estimate. Assume the equipment will be left at the 
excavations or returned to the main site each evening. 

7. The estimate assumes that the laboratory within the "Excavation" component can be used for 
soil classification work. The estimate also assumes that 1/3 more personnel, material, etc. will 
be required for this work. 

8. ihe  estimates assumes that no "post-remedial" expenses will be incurred. 

9. The estimate assumes that the seeding and fertilizing of 82,000 yd'lyr will be performed by the 
contractor. 

merations and Maintenance 
1. Backfilling operations will be performed by a construction contractor. 

K.3.7.2 Backfill ComDonent Cost Curve and Cost Summaries 
Figure K.3-22 provides the cost curve for backfill with on-site borrow material. Figures K.3-23 and K.3- 
24 provide the Backfill (On-Site Borrow) Component Cost Summaries for 1,500,000 yd' and 2,000,000 
yd', respectively. Figure K.3-25 provides the Backfill (Stockpiled Soils) Component Cost Summary for 
500,000 yd'. 

D 

K.3.8 LONG-TERM ENVIRONMENTAL MONITORING 
The long-term environmental monitoring component includes construction, operations and maintenance, and 
post-remediation costs (as applicable) for long-term (post-remediation) monitoring of air, groundwater, and 
surface water. It includes installation of groundwater monitoring wells and sampling sites, routine 
sampling and analysis, and long-term maintenance. Site-wide environmental monitoring costs from years 0 
through 22 are included at the alternative cost level. 

I 

..a 
. .  

f 

* Groundwater monitoring is a support technology used only for those remedial alternatives leaving 
contaminated media on site (on-property disposal cell and consolidation area). Therefore, the cost of 
groundwater monitoring is included in the respective component cost estimates. Environmental monitoring 
costs required during construction are also included in the component cost estimates. 
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B 

B 

CODE 

B 

LABOR 1 MATERIAL - TOTAL 
COST - COST 4 --- ITEM DESCRIPTION M/H COST , 

EXCAVATE BACKFILL & BACKFILL 113.850 2,244,066 ~ 1,523.390 3.767,456 

COMPONENT COST SUMMARY 

S I T E  PREPAfWnON 
CONSTRUCTION DIRECT COSTS 
CONTRACTOR SUPERVISION (OFFICE OVERHEAD) 
SMALL TOOLSlCONSUMABLES 

1,595 32,824 I 2,618,000 I 2,.650,824- 

387,071 I 1 387,071 - 
1 15,445 2,276,890 i 4, i 4 i i 3 5 0 - - i - G ~ 1 8 0  

136,613 , 136,613 I ~~ ~ ~-~ 

CONTRACTOR EQUIPMENT RENTAL 
- 1  

~~ 

TEMPORARY FACILITIES 
TEMPORARY FACILITIES (HOOK-UP) 

~~ - 

JOB CLEAN-UP 
CONIRACTOR SAFFTY I 

FIGURE K.3-23 - BACKFILL (ON-SITE BORROW) COMPONENT COST SUMMARY 
(1.5 MILLION YD') 
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COMPONENT COST SUMMARY 

I I 
COMPONENT 
TITLE: BACKFILL (ON SITE BORROW) 
LOCATIO N : FEMP 
VOLUME: 2,000,000 CUBIC YARDS 

SHEET: 1 
DATE: 02-NOV-94 

ESTD. BY. 0. MALOlT 
CHKD. BY F. FLOYD 
EST. FILE COMPBS 
REV. #: 

I I I IABOR I MATFRIAL i TOTAL 

FIGURE K.3-24 - BACKFILL (ON-SITE BORROW) COMPONENT COST SUMMARY 
(2 MILLION YD') 
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CODE 

6 3 4 9  

LABOR E-STTFXE:  TOT^ 
ITEM DESCRIPTION M/H COST COST COST 

COMPONENT COST SUMMARY 

STOCKPILED BACKFILL 
CONSTRUCTION DIRECT COSTS 
CONTRACTOR SUPERVISION (OFFICE OVERHEAD) 
SMALL TOOLSIC ONSU M ABLES 
CONTRACTOR EQUIPMENT RENTAL 
TEMPORARY FACILITIES 
TEMPORARY FACILITIES (HOOK-UP) 
JOBCLEAN-UP 
CONTRACTOR SAFETY 
HEALTH PHYSICS (RAD. CHECK INTERRUVTIONlPROT CLOTHING) 
CERCLA (SITE ACCESS TRAINING) 
PAYROLL BURDENS C BENEFITS 
OVERHEAD L PROFIT (GC 8 SUBCONTRACTORS) 
BOND 
CONSTRUCTION INDIRECT COSTS 

COMPONENT 
TITLE: BACKFILL (STOCKPILED SOILS) 
LOCATION: FEMP 
VOLUME: 500,000 CUBIC YARDS 

10,354 213,000 100 I -.-2.~,100 
10,354 213.000 ' 
-- 36,210 I 36,210 

12.780 I 12,780 
86,000 I 86.000 

4,473 8.307 i 12,780 
2,237 I 4,154 I 6,390 
4.473 I 8.307 ' 12,780 
2,237 I 4,154 6,390 

13,100 I 13,100 
12.000 ' 24,000 

I 149,619 
39,361 12.222 I 5 1,583 
4,767 1,480 I 6,247 

10,946 268.477 149,403 I 417,880 

592 12.000 ! 
149,619 

SHEET: 1 
DATE: 02-NOV-94 
ESTD. BY J.ADAMS 
CHKD. BY B. NEMAOE 

EST.FILE: STOCKPILE 

PROJECT MANAGEMENT 
CONSTRUCTION MANAGEMENT 
FIELD SUPPORT 
ARCHITECTURAUENGINEERING SUBCONTRACT 
ENGINEERING COSTS 

8.00% 
4.009" 

75,700- 
1 0 

! 0-' 

SUB-TOTAL CONSTRUCTION COSTS (FOR REMAINING 20 YRS.) I 7,148,000 
0 

I 
SUB-TOTAL POST-REMEDWTION O%M COSTS i 

I 

i 

FIGURE K.3-25 - BACKFILL (STOCKPILED SOILS) COMPONENT COST SUMMARY 

(soo,o0o YD') 
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K.3.9 GREAT MIAMI AOUIFER GROUNDWATER EXTRACTION 
The Great Miami Aquifer extraction component includes construction, operations and maintenance, and 
post-remediation costs (as applicable) for installation of extraction wells, pumps, piping, and groundwater 
monitoring. Depending on the cleanup requirements, life cycle costing is provided for pumping at 6300 
and 7500 gpm, for 30 and 75 years, respectively. There are a total of 28 wells required for the 6300 gpm 
(20 ppb) extraction scenario, and 31 wells for the 7500 gpm (3 ppb). Each well requires its own separate 
control building. The tally in each case includes 5 existing wells from the South Plume area. Therefore, a 
total of 23 and 26 (6300 and 7500 gpm, respectively) new wells will need to be installed. The operations 
and maintenance costs from 1995 through 1999 are for operating the South Plume wells only. All wells 
will operate the remaining 25 years for the 6300 gpm case and 70 years for 7500 gpm. 

K.3.9.1 Kev AssumDtions 
Construction 

1 .  

2. 

3. 

4. 

5. 

6. 

Construction activities will start in 1997 and will be completed in 1999. 

Construction activities will be performed by a construction contractor. All costs are 
therefore subject to all construction contractor markups. 

Construction cost includes the requirements for drilling wells and the installation of 
materials and equipment, as necessary. 

The control building construction costs include site clearing, equipment, and other systems 
installation (Le., electrical, instrumentation, roadways, site preparation). 

Additional roadways have been costed for access to well and control building areas. 

Construction is assumed to take place in clean areas and hence no radiological factors are 
applied. 

Ouerations and Maintenance 
1. O&M activities for the existing South Plume wells will start in 1995 and continue for 30 or 

75 years. O&M activities for new wells will start in 2000 and will continue for 25 or 70 
years in which groundwater will be pumped and treated at the Great Miami Aquifer 
groundwater treatment facility. 

2. It is assumed that all O&M activities will be performed by the Site Operating Contractor. 

3. Great Miami Aquifer extraction operations and maintenance labor costs are based on the 
worker requirements 10 mandays per well annually. Worker requirements are distributed 
at 30 percent for operations and 70 percent for maintenance. Electrical costs are calculated 
at 24 hours per day; 7 days per week; and 365 days per year with an anticipated demand 
factor of 60 to 80 percent of the total connected load. Energy costs are estimated at 3.5 
cents per kilowatt-hour. Annual maintenance is estimated at 5 percent of the original 
purchase cost for the equipment amortized equally over the 30 or 70 year period. It is 4 
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assumed that 30 percent of the Great Miami Aquifer extraction wells and equipment will 
require replacement every 10 years. Replacement costs are estimated at 30 percent of the 
total installation cost and they too are distributed uniformly over the 30 or 70 year period. 

Post-Remediation 
1. Well abandonment and control buildings demolition activities will start and will finish in the 

year 2026 for the 6300 gprn equipment, and 2070 for 7500 gpm. Each extraction well will 
be plugged in accordance with all regulations. 

2. Demolition rubble will be packaged appropriately and shipped off site for final disposal. 

3. D&D activities and final seeding will be performed by a construction contractor. All costs 
will therefore be subject to all contractor markups. 

K.3.9.2 Great Miami Aauifer Groundwater Extraction ComDonent Cost Curve and Cost Summaries 
Figure K.3-26 provides the cost curve for Great Miami Aquifer groundwater extraction. Figures K.3-27 
and K.3-28 provide the Great Miami Aquifer Groundwater Extraction Component Cost Summaries for 
clean-up to 20 ppb and 3 ppb, respectively. 

K.3.10 GROUNDWATER AND WASTEWATER TREATMENT 
The groundwater and wastewater treatment component includes construction, operations and maintenance, 
and post-remediation costs (as applicable) for carbon adsorption and ion exchange treatment of Great Miami 
Aquifer groundwater, stabilization, packaging and transportation of treatment wastes and spent media, and 
discharge of treated water. In addition, costs are also provided for construction, operations and 
maintenance, and post-remediation of the AWWT Slurry Dewatering Facility, periodic sediment removal 
and liner repair of the existing storm water retention basin (SWRB), and operations and maintenance and 
post-remediation of the AWWT Phases I and II facility. The groundwater treatment facility cost analysis is 
based on a design of 6300 and 7500 gpm of treatment capacity depending on clean-up levels. The 
operating period for the 6300 gpm facility will be 25 years while the 7500 gpm facility will operate for 70 
years. 

K.3.10.1 Kev AssumDtions 
Construction 

1. Construction activities will start in 1997 and be completed in 1999. 

2. Construction activities will be performed by a construction contractor. All costs are 
therefore subject to all construction contractor markups. 

3. Construction activities for the Great Miami Aquifer Groundwater Treatment Facility and 
AWWT Slurry Dewatering Facility will only consist of site clearing and grubbing, as well 
as, the erection of the building and installation of equipment. Portable stabilization units are 
purchased for treating spent media from the groundwater treatment process. 
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COMPONENT COST SUMMARY 

LABOR EST. FILE! T O T T  
COST CODE ITEM DESCRIPTION 

I PROCFSS RIJJI  nlNr. 
_- M/H COST COST I 

I 

FIGURE K.3-27 - GREAT MIAMI AQUIFER GROUNDWATER EXTRACTION 
COMPONENT COST SUMMARY (20 PPB) 

, - - --- - - - - - . . - 
PROCESS ELECTRICAL 
PROCESS INSTRUMENT 
ROAD WAYS 
SITE PREPARATION 

CONSTRUCTION DIRECT COSTS 
CONTRACTOR SUPERVISION (OFFICE OVERHEAD) 
SMALL TOOLSICONSUMABLES 
CONTRACTOR EQUIPMENT RENTAL 
TEMPORARY FACILITIES 
TEMPORARY FACILITIES (HOOK-UP) 
JOBCLEAN-UP 
CONTRACTOR SAFETY 
CERCLA (SITE ACCESS TRAINING) 
PAYROLL BURDENS& BENEFITS 
OVERHEAD & PROFIT (GC & SUBCONTRACTORS) 
BOND 
CONSTRUCTIONINDIRECT COSTS 

' 
9,288 187,571 59,539 1 4 7 , 1 1 0  

692 14,171 1.450 / 15,621 ' 
3,723 77,500 99,000 I 1 7 % r -  

43,719 913,116 1,349,595 I 2262.71 1 
57.422 1,192,358 1,509,584 I 2,701,942 

202.701 I I 252.701 1 
71,541 71,541 i 
95,900 ~ 95.900 I 

25,040 46,502 I 71,541 
12.520 I 23.251 I 35 771 1 
25,040 1 46,502 I 71,541 I 
12,520 I 23,251 I 35,771 

I 99,500 I 99,500 ' 
764,492 764,492 
201,120 172,443 1 373,563 
24,358 20,885 I 45.243 

1,267,790 599,775 I 1,867,565 
CONSTRUCTION DIRECT & INDIRECT COSTS 1 , 2,460,100 2,109,400 1 4,569,500 
C 0 NTAIN ERSlO PERATING CONTRACT0 R PURCHASED EQUIP 1 428,764 I 1,428,764 
PROJECT MANAGEMENT 
CONSTRUCTION MANAGEMENT 

8.009/0 1 479,900 
4 00% I ia2.800 



/. A I.-  

COMPONENT COST SUMMARY 

I 
COMPONENT SHEET: 1 ;  
TITLE: GMA EXTRACTION (3 PPB) DATE: 02-Nov-94 
LOC ATI 0 N : FEMP ESTD.BY: D.MAL0l-r I 

EST. FILE COMPllE I 
REV.#: l 

VOLUME: 7,500 GPM CHKD. BY F. FLOYD i 
I 

-^I . ...- -e- 

FIGURE K.3-28 - GREAT MIAMI AQUIFER GROUNDWATER EXTRACTION 
COMPONENT COST SUMMARY (3 PPB) 
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4. Construction is assumed to take place in a clean area and hence no radiological factors are 
applied. 

I 

merations and Maintenance 
1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

The Great Miami Aquifer Groundwater Treatment Facility will operate for 25 or 70 years. 
O&M activities will start in 2000 During the O&M remediation activities, the SWRB will 
be kept in service. Periodic maintenance and repair of the liner and the activities associated 
with the removal of sediments will take place. 

The AWWT Phases I and I1 will operate from the year 1995 through 2019. 

The AWWT Slurry Dewatering Facility will operate from the years 2000 through 2019. 

It is assumed that all plant operations and other activities will be performed by the Site 
Operating Contractor. 

Operational labor (process and material handling) costs for the Groundwater Treatment 
Facility are calculated based on the worker requirements of 115 shifts per week. Power 
requirements are calculated for 24 hours per day; 7 days per week; and 365 days per year 
of operation. Electrical costs are based on a demand factor of 80 percent of the total 
connected load. Electrical energy costs are then estimated at 3.5 cents per kilowatt-hour. 
Other costs for operations include the receival and handling of chemicals, spent media 
disposal, personnel protective clothing, CERCLA training, etc. 

Maintenance labor costs for the Groundwater Treatment Facility are calculated for 98 shifts 
per week. Added are repair materials and spare part inventory estimated at 5 percent of the 
original purchase cost for the equipment, and is distributed uniformly over the 30 year 
period. 

It is assumed that 40 to 50 percent of the Groundwater Treatment Facility operating 
equipment will require replacement every 25 years. Replacement costs are estimated at 30 
percent of the initial installation cost. The costs are distributed uniformly over the 25 year 
period. 

Labor costs for operations and maintenance for the AWWT Phases I and I1 and Slurry 
Dewatering System are based on worker requirements of 27 and 3, respectively. 

Post-Remediation 
1. Post-remediation will consist of the demolition and decommissioning of all plant buildings 

and equipment, as well as, the disposal of demolition rubble. It is assumed that 25 percent 
of facility structures and equipment is considered contaminated and will require size 
reduction, wrapping, boxing, and transport to an acceptable disposal facility. The remaining 
75 percent is considered clean and it is assumed these materials can be disposed at a local 
landfill. 

I 

" . 'I . .I , 
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2. At the completion of soil remedial operations in 2020, the SWRB will be remediated, 
contaminated soils will be removed, and the basin will be backfill@. 

K.3.10.2 Groundwater and Wastewater Treatment Component Cost Curve and Cost Summaries 
Figure K.3-29 provides the cost curve for groundwater and wastewater treatment. Figures K.3-30 and 
K.3-3 1 provide the Groundwater and Wastewater Treatment Component Cost Summaries for groundwater 
clean-up to 20 ppb and 3 ppb, respectively. 

K.3.11 CENTRAL STORAGE FACILITY 
The Central Storage Facility will be constructed as a tension support structure (40,000 ft?) and will be used 
to temporarily store contaminated soils until final disposal. The cost of a wheel washing facility is also 
included with the purpose of washing the transport vehicle wheels that exit the process area. 

K.3.11.1 Kev AssumDtions 

Construction 
1 .  Construction activities will start in 1997. It is assumed the construction period for the Central 

Storage Facility will take approximately 9 months to complete. 

2. Construction activities will be performed by a construction contractor. All costs are therefore 
subject to all construction contractor markups. 

3. Construction is assumed to take place in a clean area and hence no radiological factors are 
applied. 

ODerations and Maintenance 
1 .  O&M activities will commence in 1998 and will continue for 22 yeirs, into 2019. 

2. It is assumed that all O&M activities will be performed by the Site Operating Contractor. 

K.3.11.2 Central Storage Facilitv Cost Summary 
Figure K.3-32 provides the Central Storage Facility Cost Summary. 
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COMPONENT COST SUMMARY 

TOTAL COSTS (CONSIRUCI'ION, REMEDIATION 0 & M ,  POST'-REMEDIATION O&M) 
RISK BUDGET 19.1% 
CONnNGENCY 1 22.6% 

1 TOTAL PROJECT COST' 

COMPONENT SHEET: 1 
DATE: 02-NOV-94 TITLE: GROUNDWATER & WASTEWATER TREATMENT 

LOCATl ON: FEMP ESTD. BY J. AOAMS 
VOLUME: 6300 GPM CHKD. BY 8.NEMADE 

EST. F I E  COMP13GT 
REV. #: 1 

I I I LABOR I 

277,247,461 
52.954.265 
62,657,926 

392,859,700 

I SALESTAX 6.001 OF FIELD MATERIAL AND OPER. CONTRACTOR PURCHASED EQUIP i 1026.983 f 

SUB-TOTAL..CONSlXUCTION COSTS i 33,294,063 1 
! SUB-TOTAL REMEDIATION 0 & M  COSTS I 225.805.898 

FIGURE K.3-30 - GROUNDWATER AND WASTEWATER TREATMENT 
COMPONENT COST SUMMARY (20 PPB) 
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COMPONENT COST SUMMARY 

COMPONENT 
TITLE: GROUNDWATER Sr WASTEWATER TREATMENT 
LOCATION: FEMP 
VOLUME: 7500 GPM 

I 
1 

SHEET: 1 ;  
DATE: 02-Nov-94 i 

CHKD. BY B.NEMADE 
EST. FILE COMP13GS1 

ESTD. BY J. AOAMS i 

FIGURE K.3-31- GROUNDWATER AND WASTEWATER TREATMENT 
COMPONENT COST SUMMARY (3 PPB) 



COMPONENT COST SUMMARY 

1 10.50% 
1 CONTINGENCY 1 26.40% 

I 

2,623,305 
6,595,739 

1 SUB-TOTAL CONSTRUCTION COSTS i 4,529,560 
I SUB-TOTAL REMEDIATION O&M COSTS / 18,285,500 

1 34,202,900 TOTAL PROJECT COSTS 

FIGURE K.3-32 - CENTRAL STORAGE FACILITY COST SUMMARY 
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b K.4.0 ALTERNATIVE COST ESTIMATES 

This section provides the remedial alternative cost summaries and lifecycle cost breakdowns generated for 
each remedial alternative case. 

K.4.1 ALTERNATIVE COST SUMMARIES 
Using the costs developed from the component cost estimates established for the 1.5 and 2.0 million cubic 
yard volumes, alternative costs were determined through mathematical interpolation or extrapolation for 
each component's construction, O&M, post-remediation, present worth, and escalated costs. 

Construction, O&M, and post-remediation total costs were adjusted for each component to include the risk 
budget and contingency. Annual cash flows at the component level were also adjusted to include the 
affects of risk budget and contingency. The Present Worth Analysis was then developed using the Real 
Discount Rate of 2.8 percent on the adjusted annual cash flows. Net Present Worth costs for each 
component are then summarized to provide the total Net Present Worth costs for each alternative. Total 
escalated costs are based on using a rate of 3.7 percent compounded annually as noted in Section K. 1.1.6. 
and are shown as a one line entry for each alternative. 

) Life cycle costs are presented for each alternative. An attempt was made to spread the extrapolated dollar 
amounts based on the specified planning periods for each component. Please note that actual Net Present 
Worth costs were not determined from the Alternative Cost Summaries Life Cycle costs, since the 
distribution of costs may not be as accurately portrayed as they were at the component level. 

The following sections provide the cost summaries and life-cycle cost tables for each remedial alternative 
and its associated cases. 

. * '  

K.4.1.1 Alternative 1 Cost Summaries and Life-Cvcle Costs 
Figures K.4-1 and K.4-2 provide the cost summaries for Alternative 1, Cases 1 and 2, respectively. Tables 
K.4-1 and K.4-2 provide the lifecycle costs for Alternative 1, Cases 1 and 2, respectively. 

K.4.1.2 Alternative 2A Cost Summaries and Life-Cvcle Costs 
Figures K.4-3 and K.4-4 provide the cost summaries for Alternative 2A, Cases 1 and 2, respectively: 
Tables K.4-3 and K.4-4 provide the lifecycle costs for Alternative 2A, Cases 1 and 2, respectively. 

K.4.1.3 Alternative 2C Cost Summaries and Life-Cvcle Costs 
Figure K.4-5 provides the cost summary for Alternative 2C, Case 2. Table K.4-5 provides the life-cycle 
costs for Alternative 2C, Case 2. The Cost Summary and lifecycle costs for Alte.rnative 2C, Case 1, are 
identical to Alternative 1, Case 1. b 

F E R \ C R U S \ A P X S \ A P P - K 1 1 / 1 1 / W .  1 :22p K4-1 



A L T E R N A T I V E  C O S T  S U M M A R Y  4 

8 CUNTAHlWATlON SURVET3 

T O T A L  COSTS ( A L T E R N A T I V E  1 - 1 )  

T O T A L  E S C A L A T E D  C O S T  

A L T E R N A T I V E :  1 

L O C A T I O N :  FEMP 

C A S E  N O .  1 

1.958.500 S38.463.500 0 540.042.000 387.802.00 

7 i o . z a e . i o o  8.88~.sz4.800 7 o . e e i . 2 0 0  7 .ee4 .472 .100  4 .ee2 .eoo .10  

I i 7 .1  02 .5e8 .700  

SHEET:  

E S T O .  B Y :  EST.  O E P  

C H K O .  B Y :  

1 

D A T E :  04 - N o v -  G 

F .  F L O Y  

E S T .  FILE: ALTlC 

Note :  All c o s t s  inc ludes  Risk B u d g e t  and Cont ingency  

L 

FIGURE K.4-1 - ALTERNATIVE 1, CASE 1, COST SUMMARY 
F E R \ C R U 5 \ A P X S \ A P P - K l 1 / 1 1 1 9 4 . 1 : 2 2 p m  K-4-2 
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1 

04  - N O V  - e 4  

A L T E R N A T I V E  C O S T  S U M M A R Y  

. 1. 
, . ... 

... ̂  .- 

ALTERNATIVE: 1 

LOCATION: F E Y P  

€910. B Y :  EST.  O E P  

F .  F L O Y l  C H K O .  B Y :  

EST.  FILE: A L T l C  

CAB€ NO. 2 

Note: All costs includes R i s k  BudDct and Contingency 

FIGURE K.4-2 - ALTERNATIVE 1, CASE 2, COST SUMMARY 
m \ C R u s \ A P X S w P - K l 1 / 1 1 / w ,  1:npm K43 
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TABLE K.4-1 
ALTRNATIVE 1, CASE 1, LIFECYCLE COSTS 

REMEDIAL POST-REMEDIAL TOTAL 
OPERATIONS MAINTENANCE OPERATIONS .I MAINTENANCE ANNUAL 

COST 

(CONSTANT) 

,ooLuni 

1994 
199s 
1996 
1997 
1998 
1999 
ZOO0 
2001 
2002 
2003 
2004 
200s 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
201s 
2016 
2017 
2018 
2019 
2020 
2021 
2022 
2023 
2024 
202s 
2026 
2027 
2028 
2029 
2030 
2031 
2032 
2033 
2034 
203s 
2036 
2037 
2038 
2039 
2040 
2041 
2042 
2043 
2044 
204s 
2046 
2047 
2048 
2049 
zoso 
2os1 
20s2 
20.33 
2034 
20ss 
20J6 
20S7 
2093 
20S9 
2060 
2061 
2062 
2063 
2064 

7.017.300 
214.1O3.900 

u.4ss.900 

44.4ss.900 

44.4ss.900 

44.4s s.900 

u.4ss.900 

44.4ss.900 

44.4ss.900 

44.4SJ.900 

44.4ss.900 

44.4ss,900 

u.4ss.900 

s .ozs .a00 
S.OZS.800 

371.326.700 
271.7U.200 
271.744.200 
271.7U.200 
271.744,200 
271.7U.200 
271.7UJ00 
271.744.200 
271.7U.200 
L71.7U.200 
271.744.200 
271.7U.200 
271.7U.200 
271.744.400 
271.744.200 
271.7U.200 
271.744.200 
271.7U.200 
271.744.200 
271.7U.200 
271.744.200 
271.744.200 
271.7U.200 

14.774900 
14.770.900 
14.774900 

14,770.900 
14,770.900 
14,770.900 
14.770.900 
14.770.900 
14.770.900 
14.770.900 '. 
14.770.900 
14.770.900 
14.770.900 
14.770.900 
14.774900 

14.774900 

ii.no.900 
i4.na900 
i4.no.900 
i4.no.900 

14.774900 
14.774900 

14.770.900 
34.770.900 
14.770.900 
14.770.900 
14.770.900 
14.770.900 
14.774900 
14.774900 
i4 .na900 
i4.77a900 

14.770.900 
~ 4 . n ~ 9 0 0  
i4.no.900 
i ~ . n a 9 0 0  
i4.no.900 

14,774900 

14.770.900 
14.774900 
14.770.900 
14.770.900 
14.770.900 
14.714900 
14.770.900 

K 4 4  

41.840.700 

J.OZJ.800 
12.1 13. LOO 

38S.Jl0.600 
3 16.200. IO0 
271.744.200 
316.200.100 
171.7U.200 
316.200.100 
271.744.200 
316.200.100 
271.744.200 
316.200.100 
271.744.200 
316.200.100 
271.744.200 
316.200.100 
271.7U.200 
316.200.100 
271.744.100 
316.200.100 
271.744.200 
316.200.100 
271.744.200 
316.200.100 
271.744.200 
J6.611.Mlo 
14.770.900 
14.770.900 
14.770.900 
15.770.900 
15.770.900 
14.770.900 
11.770.900 
L5.770.900 
15.770.900 
15.770.900 
14.770.900 
15.770.900 
14.770.900 
14.770.900 
14.770.900 
14.770.900 
14.770.900 
14.770.900 
14.770.900 
14.770.900 
14.770.900 
14.770.900 
14.770.900 
14.770.900 
14.770.900 
L 4.770.900 
14.770.900 
14.770.900 
14.770.900 
14.770.900 
14.770.900 
14.770.900 
14.770.900 
14.770.900 
14.770.900 
14.770.900 
14.770.900 
14.770.900 
14.770.900 
14.770.900 
14.770.900 
14.770.900 
14.770.900 
14.770.900 
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TABLE K.4-1 (Continued) 

(CONSTANT) 

(DOLLAR) YOr 
--11---__1_1_1---11-------------- _----__-___-__-----_ 

14.770.900 
2066 14.770.900 14.770.900 
2067 14.77a900 14.770.900 

14.770.900 2068 14.770.900 
2069 28.820.500 28.820.500 

11111111111111111-.111-111111111.11111110~111.--1-11111.1111111~1--~~111~~~1.1~-~~~~..~~~- =--_--_----I. 

TOTALS S710286.100 s 6 . 8 a f m . a ~ a  170.661.200 S7.664.472.100 ........-............................................................................. ........................................................................... 

206.5 i4,7~a900 

~ \ C R U S \ A P X S W P - K U P P ~ l l I l l I W ,  1:22pm 

' .  I. I 

J -  
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TABLE K.4-2 
ALTERNATIVE 1, CASE 2. LIFECYCLE COSTS 

R e r u e m a  p o & - a e M e o i l r L  TOTAL 
O P E R A T I O N S  & M A I N T E N A N C E  O P E R A T I O N S  & M A I N T E N A N C E  A N N U M  

COST 

CCONSTANr) 

(OOLL+RJ) 

1994 
199s 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
200s 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
201s 
2016 
2017 
2018 
2019 
2020 
2021 
2022 
2023 
2024 
202s 
2026 
2027 
2028 
2029 

2603400 
2603400 
4104.500 

83.671.400 
83.671.400 
83.67l.400 
83.671.4 00 
83.671.400 
83.671400 
83.671.400 
83.671.400 
83.671.400 
83.671.400 
83.671.400 
83.671.400 
83.671400 
83.671.400 
83.671.400 
83.671.400 
83.671.400 
63.671400 
83.67l.400 
83.671400 
83.67l.400 
83.67l.400 
33.681400 
13.68l.400 
13.681.400 
13.681.400 
13.681.400 

13.01S.700 

27.JS8.000 

1.603.400 
5.167.700 

62.095.900 
114.3S8.300 
99.210.000 
98.789.700 
83.671.400 
98.789.700 
83.671.400 
98.789.700 
83.671.400 
98.789.700 
83.671.400 
98.789.700 
83.671.400 
98.789.700 
83.671.400 
98.789.700 
83.071.400 
98.789.700 
83.671.400 
98.789.700 
83,671.400 
98.789.700 
83.671.400 
26,697,100 
13.681.400 
13.681.400 
13.681.400 
13.681.400 
17.JJ8.000 

111111,11111111-1111111 1 1 1 1 1 1 1 1 1 . 1 1 1 1 1 1 1 1 1 1 1 1 , 1 a 1 ~ 1 1 1 1 1 . 1 1 1 1 ~ 1 1 * 1 1 1 1 a 1 0 ~ 1 ~ 0 ~ . 1 ~ ~ - ~ ~ ~ m , D m ~ ~  IPDD-D-DDOPD. 

TOTALS 12S7.994300 s i . 9 i a ~ 8 9 . i ~ )  S40.573.700 .......... "._..-.................................."...................................N...........-.....................N............_......................... 

12.317.0S7.000 

K-4-6 



1 6 3 4 9  

A L T E R N A T I V E  C O S T  S U M M A R Y  

ALTERNATIVE:  2 A  

L O C A T I O N :  FEMP 
C A S E  N O .  1 

S H E E T :  

04 - NOV - a4 D A T E :  
E S T O .  B Y :  EST.  OEPT 

F.  F L O Y O  C H K O .  B Y :  
ALTPAC 1 E S T .  FILE: 

I 

Note: All costs includes Riek Budget and Contingency 

FIGURE K.4-3 - ALTERNATIVE 2A, CASE 1 ,  COST SUMMARY 



A L T E R N A T I V E  C O S T  S U M M A R Y  4 
A L T E R N A T I V E :  Z A  

L O C A T I O N :  FEMP 

C A S E  NO. 1 

SHEET:  1 

€ 3 1 0 .  B Y :  EST.  DEP 

D A T E :  0 4 -  Now-@ 

CHKD. B V :  F .  F L O Y  

E S T .  FILE: A L T 2 A C  

Noto:  All costs insludos Risk Budgot and Contingonsy 

FIGURE K.4-4 - ALTERNATIVE 2A, CASE 2, COST SUMMARY 
( E O L 8 7 5  FER\CRUSV\PXS\11/11/94.1:22pm IC48 
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TABLE K.43 

(CONSTANT) 

Y e a  (DOLLARI~ 

1994 

1996 21234,600 5.08S.900 26.320.500 
1997 132,740.200 6,586.100 139.326.300 

1999 21239.000 34.286700 55.523.700 
2000 162.583.500 72.~4a300 135.131.800 

2002 162,583.SOO 72.~4a300 235.131.000 

235.131.800 

2006 162.J83.500 72.s*a300 235.131.800 
2007 7 2 . ~ i a m 0  72.548.300 
2008 162.583.SM) 72.~4a300 235.131.800 
2009 72.544300 72.548.300 
2010 162.J83.500 72.~4a300 135.131.800 
2011 7t.54a300 72.548.300 
2012 162.J83.500 7z.sia300 235.1 31.800 
2013 72.s~a300 72.548.300 
2014 162,583.JOO 7 z . s i a 3 w  235.131.800 

2016 162.S83,JOO 72.~4a300 235.131.800 
2017 72.s4a300 72.J48.300 
2018 162.J83.JOo 72 .~ ia300 235.131.800 

------- ---------- I------------____---.--_---------____--- 

1995 5.085.900 5.085.900 

1998 183.822.SOO 34.286700 218.109.200 

2001 72.54a300 72.54a300 

2003 7z.s~a300 72.548300 
2004 162.J83.SOo 72.~4a300 
2005 72.54a300 72.~4s.300 

2015 72.54a300 72 .~4a300 

2019 72.s4a300 72.54s.300 
2020 - 2.463.200 5.491.100 7.954.300 
2021 2.463.200 2.2J8.000 4.721.200 
2022 2,463.200 2.2S8.000 4.721.200 
2023 2.463200 2.258.000 4.721.100 
2024 2.463.200 2.258.000 4,721.200 
2025 2.463.200 2.258.000 4,721.200 
2026 2.463.200 2.258.000 4.721.200 
2027 2.463.200 2.258.000 4 721.200 

4.721.200 2028 2.463.200 
2029 2.463.200 2.258.000 4.711.200 
2030 2.463.200 2.258.000 4.7Z1.100 
2031 2.463.200 2.258.000 4.721.100 
2032 2.463.200 2.2S8.000 4.721.200 
2033 2.463.200 2.2S8.000 4.721.200 
2034 2.463.200 2.2S8.000 4.721.200 
2035 2.463200 2.2J8.000 4.721.200 
2036 2,463200 2358,000 4.721.200 
2031 2.463.200 23S8.000 4.721.200 
2038 2.463.200 2.258.000 4.721.200 
2039 2.463.200 Z.ZJ%.OW 4.721.200 
2040 2.463.200 2.2.58.000 4.721.200 
2041 2.463.200 2.258.000 4.721.200 
2042 2.463.200 2.258.000 4.721.200 

4.721.200 2043 2.463.200 
2044 2.463.200 2.258.000 4.721.200 
2045 2,463,200 2.258.000 4.722.100 
2046 2.463.200 2.258.000 4.721.200 
2047 2.463.200 2.258.000 4.721.200 
2048 2.463.200 2,258.000 4.721.200 
2049 2.463.200 2.2.58.000 4.721.100 
ZOSO 2,463.200 2.258.000 4,721.200 
2051 2,463.200 2.258.000 4.721.200 
20J2 2.463200 2.2J8.000 4.721.200 
2053 2.463.200 2.258.000 4.721.200 
2054 2,463200 2.2S8.000 4.721.200 
205s 2.463.200 2.258.000 4.721.200 
2056 . 2.463.200 - 2358.000 4.721.200 
2057 2.463.200 2.2S8.000 4.721.100 
2058 2.463.200 2.258.000 4.721.200 
2059 2.463200 2.258.000 4.721.200 
2060 2.463.200 2.2S8.000 4.721.200 
2061 2.463.200 2.258.oa) 4.721.200 
2062 2.463.200 22S8.000 4.721.200 
2063 2.463200 2.2S8.000 4.721.200 
2064 2.463.200 . 2.258.000 4,721,200 

2.258.000 

2.258.000 

2. 

..," .7 ,._/.. 

d 
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TABLE K.4-3 (Continued) 

206s 
2066 
2067 
2068 
2069 
2070 
2071 
2072 
2073 
2074 
207s 
2076 
2077 
2078 
2079 
2080 
2081 
2082 
2083 
2084 
208s 
2086 
2087 
2088 
2089 
2090 
2091 
2092 
2093 
2094 
2095 
20% 
2097 
2098 
2099 
2100 
2101 
2102 
2103 
2104 
210s 
2106 
2107 
2 l O 8  
2109 
2110 
2111 
2112 
2113 
2114 
211s 
2116 
2117 
2118 

2.463200 
2.463200 
2.463200 
2.463.200 
2.463.200 

2.258.W 
2.2J8.W 
2.258.000 
2.258.000 
2.258.000 

34,050.800 
2,258.000 
2.2J8.000 
2 .2J8 .W 
2.2J8.000 
2.2J8.000 

2.258.000 
2.2J8.000 
2.258.000 
2.2J8.000 
2.258.000 
2.2J8.000 
2,258.000 
2.258.0W 
2.2S8.000 
2.2J8.000 
2.258.000 
22J8.000 
2.2S8.000 
2.258.000 

2.2J8.000 
2.2S8.000 
2.2J8.000 
2.258.000 
2.258.000 
1.258.000 
1.258.000 
1.158.000 
2.25.8.000 
2.258.000 
2.2J8.OW 

2.2S8.000 
2.258.000 
2.2S8.W 
22J8.000 
22J8.000 
2.258.000 
2.2S8.000 
24J8.000 
2,258,000 
2.258.000 
1.258.000 
2.2J8.000 
2.258.000 
2.LJ8.000 
2.2S8.000 

Z . L ~ ~ . O M  

z.zsa.om 

z.2sa.om 

4.721.200 
4.721.200 
4.741.200 
4.721.200 
4.721.200 

34.050.800 
1.258.000 
2.2J8.000 
2.258.000 
2.158.000 
2.258.000 
2.1JR.ow 
2.258.000 
2.258.000 
2.258.000 
2.2sa.oo 
2.1sa.om 
2.2J8.000 
2.258.000 
2.t58.000 
2.258.000 
1,258.000 
2.258.000 
2.258.000 
2.258.000 
2.2J8.000 
2.258.000 
2.258.000 , 

2.258.000 
2.258.000 
L.158.000 
1.158.000 
1.258.000 
1.258.000 
2.158.000 
2 2 5 8 . 0 0 0  
1258.000 
1.258.000 
2.158.000 
2.258.000 
2.258.000 
2.258.000 
2.2S8.000 
2.258.000 
2.258.000 
2.258.000 
2.258.000 
1.258.000 
2.258.000 
2.258.000 
2.158.000 
2,158.000 
2.158.000 - 
2.258.000 

K410 



TABLE K.4-4 

4.627.600 
575.300 
575.300 
575.300 
575.300 

28.133.300 
575.300 
1175.300 
573.300 
575.300 
575.300 
1175.300 
575.300 
575.300 
575.300 
57s.300 
57s.300 
57s,300 
575.300 
575.300 
575.300 
575.300 
575.300 
575.300 
575.300 
575.300 
575.300 
575.300 
575.300 
575.300 
575.300 
575.300 
s7s.300 
57s.300 
575.300 
575.300 
575.300 
57s.300 
575.300 
575.300 

57S.300 
575.300 
575.300 
s75.300 

575.3qo 
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6349  
ALTERNATIVE 2A, CASE 2, LIFECYCLE COSTS 

(CONSTANT) 

(DOLLAR) YOU 

1994 
199s 

2.414.800 ' 2.437.900 4.852.700 1996 

1997 74,127,600 3.936.900 78.264.500 
56.511.400 1998 46.02l.900 10.489.500 

2000 46,021900 24.517.800 70.539.700 
2001 24.517.800 24.5 17.800 
2002 46.021.900 24.517.800 70.539.700 
2003 24.Sl7.800 24.5 17.800 
2004 46.OZl.900 24.517.800 70.539.700 
2005 24.517.800 24.517.800 
2006 46.021.900 24.517.800 70.539.700 
2007 24.517.800 2 4.5 17.800 
2008 46.021.900 24.517.800 70.5 39.700 
2009 24.517.800 24,517,800 
2010 46.021.900 24.5 17.800 70.539.700 
2011 24.517.800 L4.517.800 
2012 46.02l.900 24.517.800 70.539.700 
2013 24.517.800 24.517.800 
2014 46.02l.900 24.517.800 70.539.700 
201s 24.517.800 24.517.800 
2016 - 46.02l.900 24.517.800 70.539.700 
2017 24.517.800 24.517.800 
2018 46.02l.900 24.S17.800 70.539.700 
2019 24.517.800 24.517.800 
2020 - 13.714500 18.342100 
2011 13.714.500 14,289,800 
2022 13.7 14,JOO 14.289.800 

-----------------_--------------------- --I_---- 

2.437.900 2.437.900 

1999 10.489.500 10.489.JOO 

2023 13.714.500 14.289.800 
2024 13.714.500 14.289.800 

2026 575.300 
2027 575.300 
2028 575.300 
2029 5711.300 
2030 575.300 
2031 575.300 
2032 575.300 
2033 575.300 
2034 575.300 
203s 575.300 
2036 575.300 
2037 575.300 
2038 575.300 
2039 575.300 
2040 575.300 
2041 575.300 
2042 575.300 
2043 575.300 
2044 575.300 
2045 575.300 
2046 575.300 - 
2047 575.300 
2048 575.300 
2049 575.300 
2oso 575.300 
20Sl 575.300 
20s2 575.300 
20.33 575.300 
2OS4 J75.300 
20ss 575.300 
20.56 575.300 
20S7 5'75.300 
20S8 575.300 
20S9 575.300 
2060 575.300 
2061 575.300 
2062 575.300 
2063 575.300 
2064 . 575.300 

2025 28.133.300 

K 4 l l  
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TABLE K.4-4 (Continued) 

ICOLITANT) 

Y C r  t o o ~ u n )  

206s ' 57s.300 575.300 
2066 575.300 ~75.300 
2067 s7s.300 575.300 
2068 s7s.300 575.300 

2070 575.300 57s.300 
2071 57S.300 57s.300 
2072 57s.300 575.300 
2073 57s.300 575.300 
2074 57s.300 575.300 
207s s7s.300 575.300 
2076 575.300 s75.300 
2077 575.300 J75.300 
2078 57s.300 J75.300 
2079 575.300 575.300 
2080 575.300 575.300 
2081 s7s.300 575.300 
2082 s75.300 575.300 
2083 575.300 575.300 
2084 575.300 575.300 
208s 575.300 575.300 

2087 57s.300 575.300 
2088 57s.300 575.300 
2089 57s.300 57s.300 
2090 J7S.300 57s.300 
2091 - S7J.300 575.300 
2092 s7s.300 575.300 
2093 57S.300 575.300 
2094 575.300 57J.300 
209s 575.300 J ? J . ? 0 0  
2096 575.300 5711.300 

2098 575.300 57J.300 
2099 575.300 575.300 
2100 J7J.300 J75.300 
2101 J75.300 57J.300 
2102 57s.300 57s.300 
2103 575.300 575.300 
2104 57s.300 575.300 
210s 57s.300 575.300 
2106 57s.300 575.300 
2107 s7s.300 575.300 
2108 s7s.300 57s.300 
2109 . s7s.300 575.300 
2110 s7s.300 375.300 
2111 57s.300 s75.300 
2112 57s.300 575.300 
2113 575.300 575.300 
2114 575.300 575.300 
211s J75.300 57J.300 
2116 575.300 J75.300 
2117 J75.300 575,300 
2118 57s.300 575.300 

-_--I-__--------__--------------- 

2069 J7S.300 575.300 

2086 s7s.300 575,300 

2097 575.300 575.300 

,g,,,,l,,,l,,lg,,,.l~,l ,,,g-,,,,. ,,,,,,,,9,1,.,111111,,.,,,,,,,,,,,,,,,,,,,~.9~~,,,,,,,,,~ -1-1-111-1-1. 

.- I...-UUII...n-.....U.UIII..-.---..n..............-........."...*......~.....................~...........~."......................... $l.L60.268.500 TOTALS SSBs.w)3.300 SS88.120300 $88.565.000 

F E R \ C R U S L 4 P X S \ A p P - ~ P ~ l 1 / 1 1 / 9 4 . 1  :Zpm K-4-12 
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A L T E R N A T I V E  C O S T  S U M M A R Y  

SHEET:  
D A T E :  

€ 8 1 0 .  B V :  EST.  DEPl  

C H K D .  B Y :  F. FLOVC 
E S T .  FILE: ALTZCC: 

ALTERNATIVE: ac 

C A S E  N O .  a 

1 

0 4  - N O V  - 9 4  
L O C A T I O N :  FEMP 

Uoce: All 60.1. include. Risk Budget and Contingency 

FIGURE K.4-5 - ALTERNATIVE 2C, CASE 2, COST SUMMARY 
K-4- 13 0432080 
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TABLE K.45 
ALTERNATWE 2C, CASE 2, LIFECYCLE COSTS 

1994 
199s 
1994 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
200s 
2- 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
201s 
2016 
2017 
2018 
2019 
2020 
2021 
2022 
2023 
2024 
202s 
2026 
2027 
2028 
2029 
2030 
2031 
2032 
2033 
2034 
203s 
20.36 
2037 
2038 
2039 
2040 
2041 
2042 
2043 
2044 
204s 
2046 
2047 
2048 
2049 
ZOSO 
20s1 
2OS2 
20.93 
20S4 
ZOJS 
2056 
20J7 
20S8 
20S9 
2060 
2061 
2062 
2063 
2064 

3.419.400 
88.326400 
23.1J7.000 

23.1J7.000 

23.1J7.000 

23.1S7.000 

23.1J7.000 

23.1J7.000 

23.157.000 

23.1J7.000 

23.1J7.000 

23.1.57.000 

23.1S7.000 

- 

K414 

10.066100 
389.100 
389.100 
389.100 

. 389.100 
27.947.500 

389.100 
389.100 
389.100 
389.100 
389.100 
389.100 
389.100 
389.100 
389.100 
389.100 
389.100 
389.100 
389.100 

389.100 
389.100 
389.100 
389.100 
389.100 
389.100 
389.100 
389.100 
389.100 
389.100 
389.100 
389.100 
389.100 
389.100 
389.100 
389.100 
389.100 
389.100 
389.100 
389.100 

389.100 
389.100 
389.100 
389.100 

389.100 

389.r00 

2.437.900 
5.887.300 

92.2b5.700 
75.355.900 
S2.198.900 
75.355.900 
52.198.900 
75.355.900 
52.19a900 
75.355.900 
52.1 98.900 
75.3S5.900 
5Z.198.900 
75.3ss.900 
52.198.900 
75.355.900 
S2.198.900 
75.355.900 
S 2.198.900 
7S.355.900 
S2.198.900 
75.35J.900 

7 5.3 5 5.900 

23.780.600 
14.103.600 
14.103.600 
14.103.600 
14.103.600 
27.947.500 

389.100 
389.100 
389.100 
389.100 
389.100 
389.100 
389.100 
389.100 
389.100 
389.100 
389.100 
389.100 
389.100 
389.100 
389.100 
389.100 
389.100 
389.100 
389.100 
389.100 
389.lm - 
389.100 
3 8 9 . 1 0  
389.100 
389.100 
389.100 
389.100 
389.100 
389.100 
389.100 
389.100 
389.300 
389.100 
389.100 
389.300 
389.100 
389.100 
389.100 
389.100 

52.19a900 

~z .19a900  

._ 
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TABLE K.45 (Continued) ----~--------------------------------------------_-----------____--____________________________ 
R E M E D I A L  P O S T - R E M B D I A L  TOTAL C O N S T R U C T I O N  

O P E R A T I O N S  & M A I N T E N A N C E  OPERATI'ONS P M A I N T E N A N C E  A N N U A L  
c OST 

ICONITANT) 

IDOLLARI Y o u  

389.100 389.100 2065 

389.100 389.100 2066 

389.100 389.100 2067 

389.100 389.100 2068 

389.100 389.100 2069 

389.100 389.100 2070 

389.100 389.100 2071 
2072 

389.100 389.100 2073 . 
389,100 389.100 2074 

389.100 389.100 207s 
389.100 389.100 2076 
389.100 389.100 2077 
389.100 389.100 2078 
389.100 389.100 2079 
389.100 389.100 2080 
389.100 389.100 2081 

2082 389.100 389.100 
2083 389.100 389.100 
2084 389.100 389.100 
2085 389.100 389.100 
2086 389.100 389.100 
2087 389.100 389.100 
2088 389.100 389.100 
2089 389,100 389.100 
2090 - 389.300 389.100 
2091 389.100 389.100 
2092 389.300 389.100 
2093 389.100 389.100 
2094 389.100 389.100 

2096 389.100 389.100 
2097 389.100 389.100 
2098 389.100 389.100 
2099 389,100 389.100 
2100 389.100 389.100 
2101 389.100 389.100 
2102 389.100 389.100 
2103 389.100 389.100 
2104 389.100 389.100 

2106 389.100 389.100 
2107 389.100 389.100 
2108 3891100 389.100 
2109 389.100 389.100 
2110 389.100 389.100 
2111 389.100 389.100 
2112 389.100 389.100 
2113 389.100 389.100 
2114 389.100 389.100 

2116 389.100 389.100 
2117 389.100 389.100 - 
2118 389.100 389.100 

---_---------------_________________I 

389.100 389.100 

209s 389,100 389.100 

2105 389.100 389.100 

2115 389.100 389.100 

1-1111111111111--1.1-1- 111-11111.1--1111-111-.---------.-------,------------*9-----1-,---- I I P I I I I I - I I - .  

TOTALS S346.502.800 11325,763,400 ..........- nnnn.nnn..-n........n.-......."..n....-..............-.........-..........-.........-...........-............"....~......--.-.......... s7s.7mM.300 s i .64a02z.soo 

FER\CRUS'APXSWP-K\APPKTEXnll/llIW. 1 :22pm 

, \ 1.. . + . - a  . .  

K415 
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K.4.1.4 Alternative 3A Cost Summaries and Life-Cvcle Costs 
Figures K.4-6, K.4-7, K.4-8, K.4-9 and K.4-10 provide the cost summaries for Alternative 3A, Cases 
3 through 7, respectively. Tables K.4-6, K.4-7, K.4-8, K.4-9 and K.4-10 provide the lifecycle costs 
for Alternative 3A, Cases 3 through 7, respectively. 

K.4.1.5 Alternative 3C Cost Summaries and Life-Cvcle Costs 
Figures K.4-11, K.4-12, K.4-’13, K.4-14 and K.4-15 provide the cost summaries for Alternative 3C, 
Cases 3 through 7, respectively. Tables K.4-11, K.4-12, K.4-13, K.4-14 and K.4-15 provide the life- 
cycle costs for Alternative 3C, Cases 3 through 7, respectively. 

K.4.1.6 Alternative 4A Cost Summaries and Life-Cvcle Costs 
Figures K.4-16 and K.4-17 provide the cost summaries for Alternative 4A, Cases 8 and 9, 
respectively. Tables K.4-16 and K.4-17 provide the lifecycle costs for Alternative 4A, Cases 8 and 
9, respectively. 

K.4.1.7 Alternative 4C Cost Summaries and Life-Cvcle COSQ 
Figures K.4-18 and K.4-19 provide the cost summaries for Alternative 4C, Cases 8 and 9, 
respectively. Tables K.4-18 and K.4-19 provide the lifecycle costs for Alternative 4C, Cases 8 and 
9, respectively. 

F E R \ c R u S V \ P X S w P - K 1 1 / 1 1 / 9 4 , 1 : 2 2 p m  K 4 1 6  
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A L T E R N A T I V E  C O S T  S U M M A R Y  

S H E E T :  ALTERNATIVE:  3 A  

L O C A T I O N :  F E Y P  

C A S E  NO. 3 

1 

D A T E :  0 4 -  NOV - e r  

E S T O .  B Y :  EST.  O E P l  
C H K O .  B Y :  F.  FLOYC 

E S T .  F ILE:  ACTJAC: 

Uorc: All costs includcs Risk Budget and Coniingcocy 

FIGURE K.4-6 - ALTERNATIVE 3A, CASE 3, COST SUMMARY 
FW \ C R U 5 \ A P X S \ A P P - K 1 1 / 1 1 / ~ . 1 : 2 2 ~  K-4-17 
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A L T E R N A T I V E :  3 A  

L O C A T I O N :  F E Y P  

C A S E  NO. 4 

A L T E R N A T I V E  C O S T  S U M M A R Y  

S H E E T :  1 

D A T E :  04 - N O V  - e 
€ 9 1 0 .  ev:  E S T .  O E P  
C H K O .  B Y :  F. FLOY 

E S T .  FILE: A L l 3 A C  

e ODNTAYINA'IION S I J l V B n  98.585.500 I 0 100.144.000 88.509.00 

T O T A L  C O S T S  ( A L T E R N A T I V E  3 A  - 4 )  47e.eeio.500 5 e e . i z i . 2 0 0  T B . J B Z . B O O  i . 1 2 1 . 4 e 4 . 3 0 0  74o .eez .20  

T O T A L  E S C A L A T E D  C O S T  2 .884 .082 .700  I 
N o t e :  All costs includes RIsk Budget and Contingency 

FIGURE K.4-7 - ALTERNATIVE 3A, CASE 4, COST SUMMARY 
F W \ C R U ~ \ A P X S \ A P P - K l l / l l / ~ ,  l:22pm K-4- 18 

OCZG8S 
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A L T E R N A T I V E  C O S T  S U M M A R Y  

S H E E T :  
04--Nov--B, DATE:  

E S T D .  B Y :  EST.  DEP 
C H K D .  B Y :  F. F L O Y I  

E S T .  FILE: ALT3AC 

ALTERNATIVE:  3 A  
L O C A T I O N :  FEMP 

C A S E  NO. 8 

1 

Yote: All costs  includes Risk Budpcc and Continsency 

FIGURE K.4-8 - ALTERNATIVE 3A, CASE 5, COST SUMMARY 
FER\CRUS\APXSWP-K\APPRIEXnll/ll/W. 1 :22pm K-4- 19 

, . *I OGzoaG 



A L T E R N A T I V E  C O S T  S U M M A R Y  

SnEET:  ALTERNATIVE: J A  
LOCATION:  FEMP 

C A S E  N O .  

1 

DATE: O b - N O U -  

Nolo: All c o s t s  includes R i s k  B u d g o l  a n d  Conl iogoncy  

FIGURE K.4-9 - ALTERNATIVE 3A, CASE 6, COST SUMMARY 
PBR\CRUS\APXSWP-~~APP.K\APPRWCnllll1/94.1:22pm K 4 2 0  
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A L T E R N A T I V E  C O S T  S U M M A R Y  

SHEET: 

04 - N o V - - B 4  DATE: 

ESTD.  B Y :  EST. O E P l  
c n u o .  B Y :  F.  F L O Y C  

EST.  FILE: A L T 3 A C 7  

ALTERNATIVE: 3 A  

LOCATION: F E Y P  

C A S E  N O .  

1 

r 

FIGURE K.4-10 - ALTERNATIVE 3A, CASE 7, COST SUMMARY 
K-4-2 1 00%088 F E R \ C R U S \ A P X S \ A P P - K 1 1 1 1 1 1 9 4 , 1 : 2 2 p m  

I *  

.- . 



FEMP-OSFS-4 DRAFT 
November 14, 1994 

TABLE K.4-6 
ALTERNATIVE 3A. CASE 3. LIFECYCLE COSTS ------------------ ------------I--------------- 

C O N S T R U C T I O N  R E M E D I A L  P O S T - R E M E D I A L  TOTAL 
O P E R A T I O N S  MAINTENANCE O P E R A T I O N S  M A I N T E N A N C E  A N N U M  

COST 

1994 
199s 
1996 5.487.JQ) 
1997 89.69Q400 
1998 41.37S.100 
1999 
2000 41.37S.100 
2001 
ZOOZ 41.37S.100 
2003 
2001 4137S.100 
200s 
2006 41.375.100 
2007 
2008 41.375.100 
2009 
2010 41.375.100 
2011 
2012 4137S,100 
2013 
2014 41.37S.100 
201s 
2016 4137S.100 
2017 
2018 4137S.100 
2019 
2020 - 
2021 
2022 
2023 
2024 
202s 
2026 
2027 
2028 
2029 
2030 
2031 
2032 
2033 
2034 
203s 
2036 
2037 
2038 
2039 
2040 
2041 
2042 
2043 
2044 
2045 
2046 
2047 
2048 
2049 
ZOSO 
20.31 
2os2 
20S3 
20S4 
ZOSS 
20.36 
20.37 
20.38 
20S9 
2060 
2061 
2062 
2063 
2064 

FER\CRUS\APXSWP-K\APPKTEXn 111 1 1/94,1:22pm 

2.437.900 
2.437.900 
3.937.100 
9.929.700 
9.929.700 

23 .9~1000 
23.9sa.000 
23.9saooo 
23.9sa.000 
23.9sa.000 
23.9sa.000 
~ ~ . 9 s a m  
~~.vsaooo 
z 3 . 9 s a m  
23.9sa000 
23.9sa.000 
23.95a000 
23.95a000 
23.9saooo 
23.9sa000 
23.9sa000 
23.95ac-00 
2 3 . 9 s a w  
~ 3 . 9 s a m  
2 3 . 9 s a m  
13.714.500 
13,714300 
13.714.SOO 
13.714300 
13.714.SW 

K 4 2 2  

r.s10.MX) 
568.200 
568.200 
568.200 
568.200 

28.126200 
568.200 
568.200 
568.200 
568.200 
568.200 
568,200 
568.200 
568.200 
568.200 
S68.200 
S68.200 
568.200 
568,200 
568.200 
568.200 
568300 
568.200 
568.200 
568,200 
568.200 
568.200 
568.200 
568.200 
568,200 
568.200 
568200 
568.200 
568.200 
568300 
568200 
S68.200 
568.200 
568.200 
568300 
568.200 
368.200 
568,200 
568.200 
S682W 

i 

2,437.900 
7.925.400 

93.627.900 
J1.>04.800 
9.929.700 
6S.333.100 
7.3.958.000 
65.333.100 

6S.333.100 

65.333.1 00 

65.333.100 
2 3.9 5 8.000 
65.333.100 
L3.958.000 
65.333.100 
23.958.000 
6J.333.100 

65.333.100 

63.331100 

18.22J.100 
14.282700 
14.282700 
14282700 
1J.282700 
28.1 26.200 

568.200 
568.203 
568.2W 
568.2W 
568.203 
568.2W 
368.200 
568.200 
568.200 
568.200 
568.200 
568.200 
568200 
568.200 
568.200 
568.200 
J68.2W 
J68.200 
568.2W 
J68.2W 
568.2W 
568.200 
S68.200 
568.200 
568.200 
568.200 
568.100 
568200 
568.200 
568.200 
S68.200 
S68.200 
568.200 
568.200 
568.200 
568.200 
568.200 
568.200 
568.200 

~3.vsaow 

m.vsaooo 

:3.9saooo 

23.95aooo 

23.95a000 

t3.95aooo 

. (  
._ 
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TABLE K.4-6 (Continued) . 

1CONSTANT) 

Y o u  (DOLLAR) 

206s ~68.200 J68,200 
2066 J68.200 1168.200 
2067 568.200 568.200 
2068 J68.200 J68.200 
2069 s 6 8 . z ~  J68.200 
2070 ~ 6 8 . 2 ~  J68.200 
2071 ~ 6 8 . ~ 0 0  J68.200 
2072 s 6 8 . t ~  J68.200 
2073 J68.200 J68.200 
2074 568.200 J68.200 
207s ~ 6 8 . 2 ~  J68.200 
2076 s 6 8 . z ~  J68.200 

J68.200 568.100 
J68.200 568,200 

2077 
2078 
2079 J68.200 J68.100 
2080 J68.200 J68.100 
2081 J68.200 J68.200 
2082 ~68.200 J68.200 
2083 J68.200 568.200 
2084 S68.200 J68.200 
2085 J68.200 J68.200 
2086 J68.200 J68.200 
2087 568.200 J68.200 
2088 568.200 J68.200 
2089 ~ 6 8 . 2 ~  568.200 
2090 5 6 8 . t ~  J68.200 
2091 - ~ 6 8 . 2 ~  568.200 
2092 ~ 6 8 . 2 ~  568.200 
2093 J68.200 J68.200 
2094 S68.200 J68.200 
209s J68.200 568.200 
2096 J68.200 S68.100 
2097 J68.200 S68.100 
2098 J68.200 568.200 
2099 568.200 J68.200 
2100 568.100 S68.100 
2101 J68.200 568.200 
2102 J68.200 J68.200 
2103 568.200 568.200 
2104 J68.200 568.200 
210s ~68.200 J68.200 
2106 s 6 8 . z ~  J68.200 
2107 ~68.200 568.200 
2108 J68.200 J68.200 
2109 J68.2a) 568.200 
2110 ~68.200 J68.200 
2111 568.200 568,200 
2112 J68.200 568,200 
2113 S68.200 568.200 
2114 568.200 J68.200 
211s J68.200 J68.200 
2116 568.200 J68.100 
2117 J68.200 J68.200 
2118 J68.200 568.200 

---------_u_I_----____l___l___________------------ ----I--------------- 

K423 
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TABLE K.4-7 
ALTERNATIW 3A, CASE 4, LIFECYCLE COSTS 

1994 
199s 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
200s 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
201s 
2016 
2017 
2018 
2019 
2020 
2021 
2022 
2023 
2024 
202s 
2026 
2027 
2028 
2029 
2030 
2031 
2032 
2033 
2034 
203s 
2036 
2037 
2038 
2039 
2040 
2041 
2042 
2043 
2044 
204s 
2046 
2047 
2048 
2049 
2OSO 
2OSl 
ZOSZ 
20S3 
20S4 
20ss 
20S6 
20S7 
20S8 
20S9 
2060 
2061 

' 2062 
2063 
2064 

4.7s3.900 
06.024000 
3S.106.600 

3J.106600 

3S.106.600 

3S.106.600 

3S.106.600 

3S.106.600 

35.106600 

3S.106.600 

3S.106.600 

3S.106.600 

3S.106600 

FER\CRUSMPXSWP-KPKTEX'n 1 I/ 11 /94,1:22prn 

2.437.900 
2.437.900 
3.938.SW 
9.462.200 
9.462300 

23.4POS00 
23.49QS00 
23.49QS00 
23.4PQS00 
23.49aS00 
23CPaS00 
23.490300 
23.49aS00 
23.490.soo 
23.490.500 
23.49aJ00 
23.4pQJ00 
23.49QS00 
23.490500 
23.490.300 
23.490300 
23.490300 
23CpQS00 

23.4PQ.500 
13.714S00 
13.714S 00 
13.714500 
13.714.500 
13.714.500 

23.~90~00 

4,401.900 
478.700 
478.700 
478.700 
478.700 

27.55b800 
478,700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478,700 
47b.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 

. 478.700 
478.700 
478.700 
478.700 
478.780 
478.700 
478.700 
478.700 
478.700 
478,700 

K424 

2.437.900 
7.191.800 

89.962500 

9.462.200 
58.597.100 
23.490.500 
58.597.100 
23.490.500 
58,597.100 
23.490.500 
58.597.100 
23.490.500 
J8.597.100 
23.490.500 
58.597.100 
23.490.500 
58.597.100 
23.490.500 
J8.597.100 
23.490.500 
58.597.100 
23.490.500 
58.597.100 
23.49O.SOO 
18.116400 
14.193.100 
14.193.200 
14.193.200 
14.193.300 
27,556.800 

478.700 
178.700 
178.700 
178.700 
178.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 - 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 

. 478.700 
478.700 

44 .~6a800  

4 
._ 
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206s 
2066 
2067 
2068 
2069 
2070 
2071 
2072 
2073 
2074 
207s 
2076 
2077 
2078 
2079 
2080 
2081 
2082 
2083 
2084 
2083 
2086 
2087 
2088 
2089 

.. 2090 
2091 
2092 
2093 
2094 
209s 
20% 
2097 
2098 
2099 
2100 
2101 
2102 
2103 
2104 
2103 
2106 
2107 
2108 
2109 
2110 
2111 
2112 
2113 
2114 
211s 
2116 
2117 
2118 

478.700 
478.700 
478.700 
478.100 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 

478.700 
478.700 
478.700 
478.700 
478,700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478,700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 

478.700 

478.700 
478.700 
478,700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.100 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 . 
478.700 
478.700 
478.700 
478.700 
478.700 
478,700 
478.7oc) 
478.700 
418.700 . 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
178.700 
478,700 
478.700 
J78.700 
478.700 
478.700 
478.700 

478.100 - 
478.700 

K425 
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TABLE K.4-8 
ALTEXNATWE 3A, CASE 5, LIFECYCLE COSTS 

1994 
1995 

1997 8S.996300 
1998 3s.064600 
1999 
2000 35.064600 
2001 
2002 3s.064600 
2003 
2004 3s.064M)o 
200s 
2006 35.064600 
2007 
2008 3S.060.600 
2009 
2010 35.064600 
2011 
2012 3s.064600 
2013 
2014 3s.064600 
201s 
2016 35.064600 
2017 
2018 3s.064600 
2019 - 
2020 
2021 
2022 
2023 
2024 
202s 
2026 
2027 
2028 
2029 
2030 
2031 
2032 
2033 
2034 
203s 
2036 
2031 
2038 
2039 
2040 
2041 
2042 
2043 
2044 
204s 
2046 
2047 
2048 
2049 
ZOSO 
20Jl  
ZOJZ 
20J3 
20J4 
2OJS 
20J6 
20S7 
20S8 
20J9 
2060 
2061 
2062 
2063 

1996 4.748.Sop 
2.437.- 
2.437.- 
3 .937 .m 
e .2BI .m 
8.284.m 

22.312600 
22.312600 
22.312600 
22.312600 
22.312600 
22.312600 
22.312600 
22.312600 
22.312600 
22.312600 
22.312600 
22.312600 
22.312600 
22.312600 
22.312600 
22.312600 
22.312600 
22312600 
2%312600 
25.312600 
13.714300 
13.714S00 
13.714.SOO 
13.714.SOO 
13.7 14.SOO 

4370.100 
474.100 
474.100 
474.100 
474.100 

28.032.100 
474.100 
474.100 
474.100 
474,100' 
474.100 
474.100 
474.100 
474,100 
474.100 
474,100 
474.100 
474JOO 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.300 
474.100 
474.100 
474.100 
474,100 
474.100 
474.100 
474.100 
474.100 
474,100 
474.100 

2.437.900 
7.186.400 

89.933.600 
43,344,900 

8,284300 
57,371200 
22.312600 
J7.373.200 
22.312600 
J7.373.200 
22,312600 
J7.373.200 
L2.3 12.600 
J7.373.200 
l2.312.600 
J7.373.200 
l2.3lL600 
J7.373.200 
22.312600 
J7.373.200 
22.31 2600 
57.373.200 
22.312600 
57.373.200 
22.312600 
18.084600 
14.188.600 

14.188.600 
14.188.600 
:8.032.100 

474 .100  
474 .100  

474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
4 7 4 . m  - 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 

474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474,100 

' 474.100 

14.18a600 

474.100 

474.100 

F E R \ C R U J W X S W P - K P ~ I  111 lIW.l:22pm K426 
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TABLE K.4-8 (Continued) ---- --- --- 
CONSTRUCTION REMEDIAL 

OPERATIONS & MAINTENANCE 

YOU 

_ .  
POST - REMEDIAL TOTAL 

OPERATIONS P MAINTENANCE ANNUAL 
COST 

(CONSTAN7l 

(DOLLAR) 

2064 
206s 
2066 
2067 
2068 
2069 
2070 
2071 
2072 
2073 
2074 
207s 
2076 
2077 
2078 
2079 
2080 
2081 
2082 
2083 
2084 
208s 
2086 
2087 
2088 
2089 
2090 
2091 
2092 
2093 
2094 
2095 
2 0 9 6  
2097 
2098 
2099 
2100 
2101 
2102 
2103 
2104 
210s 
2106 
2107 
2108 
2109 
2110 
2111 
2112 
2113 
2114 
211s 
2116 
2117 
2118 

474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474,100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474,100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474,100 
474.100 
474.100 
574,100 
474.100 
474.100 
474.100 
474.100 
474.300 
474,100 
474.100 
474100 
474,100 
474.300 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 

474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
J74.100 
474.100 
474,100 
474.100 
J74.lr)o 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 

J74.100 
474.100 
474.100 
474.100 
475,100 
471.100 
J74.100 
474.100 
474.100 
474,100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 - 
474.100 
474.100 
474.100 

474.100 

1,1111,,1*111111,1.1111~91111,11.11,111,.11,,.,1~,~.,,1*,,,1~~~~---1--11~,~1.-~.1,~11~~,,1 1,11,-9--9.1. 

TOTALS 1476.411.400 lS40Sb .200  178.389.900 11.09S.007,500 ........ .......................................................................................................................................... 

FER\CRUS\APXS\APP-KPKTECnll/ll/W. l:22pm 
I ;, . . .  . . .  

-, .. . I  . .  . _  - .  .. . , :  $ , , . <  . > , ;  

K-4-27 
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TABLE K.4-9 
ALTERNATIVE 3A, CASE 6, LIFECYCLE COSTS 

--------___-----______I______ ---_---_----____-----------------_-__--- 
CONSIXUCTION REMEDIAL POST - REMEDIAL TOTAL 

OPERATIONS & MAINTENANCE OPERATIONS P MAINTENANCE ANNUAL 
COST 

, C O N l T A N l l  

Y4U (DOLLA~)  

1994 
199s 2.437.900 2.437.901) 
1996 4.611.800 2.437.900 7.049.700 
1997 8S.312700 3.937.700 89.2J0.400 
1998 33.891.900 7.027.100 40.919.000 
1999 7.027.100 7.027.100 
2000 33.891.900 21.OJJ.400 J4.947.300 
2001 21.OSS.400 21.05J.4UO 

2l.OSS.400 ' J4.947.300 2002 33.891900 
l l . O S 5 . 4 0 0  2003 21.oss,400 

2004 33.891900 Zl.OJJ.400 J4.947.300 
200s 2l.OSJ.400 21.0J5.400 

J4.947.300 2006 33.891900 2l.OSJ.400 
2007 ll.OSS.400 Ll.OJJ.400 
2008 33.891900 21.0SJ.400 J4.947.300 
2009 21.OJS.400 '1.05J.400 
2010 33.891.900 2l.OJS.400 J4.947.300 
2011 21.OS5.400 2 1.05J.400 
2012 33.891900 2l.OSS.400 J4.947.300 
2013 2l.OJJ.400 
2014 33.891900 2l.OSJ.400 J4.947.300 
201s 2l.OSS.400 '1.OJJ.400 

-------------------- 

21.05J.400 

2016 33.891900 21.oss.400 J4.947.300 
2017 Ll.OSS,400 21.0J5.400 

2019 21.0SS.400 21.0J5.400 
18.033.JOO 2020 - 13.714.SOO 

2018 33.891900 21.0ss.400 J4.947.300 

202l 13.714J00 14.18a600 
2022 13.714.JOO 14.1 ea600 
2023 13.714JOO i4.iaa600 
2024 13,714.500 i 4. 1 ea600 

2026 474.100 

2028 474,100 

2029 474.100 

2031 474.100 

202s 28.033.300 

2027 474.100 

2030 474,100 

2032 474.100 
2033 474.100 
2034 474.100 
203s 474.100 
20% 474.100 
2037 474,100 
2038 474.100 

2040 474.100 
2041 474.100 
2042 474.100 

2039 474.100 

2043 474.100 
2044 474.100 
204s 474.100 
2046 474.100 - 
2047 474.1a) 
2048 474.100 
2049 474.100 

20s1 474.100 
20s2 474.100 
20S3 474.100 
20S4 474.100 
20ss 474.100 
20S6 474.100 
20J7 474.100 
20sa. 474.100 
20J9 474.100 
2060 474.100 
2061 474,100 
2062 474.100 

- 474.100 2063 
2064 474.100 

2oso 474.100 

FER\CRUSAPXSWP-R\APPKTEXnt 111 1/94,1:22pm K428 

4.319.000 
474.100 
474.100 
174.100 
474.100 

18.033.300 
474.100 

474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474,100 
474.100 
474.100 
474J00 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474,100 
474.100 
474.100 
474.100 
474.100 
474,100 
474.100 

474.100 
474.300 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 

. 474.100 
474,100 
474.100 

474.100 

474.100 



6349  
FEMP-OSFS-4 DRAFT 

November 14, 1994 

TABLE K.4-9 (Continued) 

(CONSTANT) 

(OOLUR)  Y4u 

474.100 474.100 206s 

474.100 474.100 2066 

2067 474.100 474.100 
474.100 474.100 2068 

2069 474.100 474.100 
2070 474.100 474.100 
2071 474.100 474.100 
2072 474.100 474.100 
2073 474.100 474.100 
2074 474.100 474.100 
207s 474.100 474.100 
2076 4 7 4 . ~ 0 0  474.100 
2077 474.100 474.100 
2078 474.100 474.100 
2079 474.100 474.100 
2080 ,  474.100 474.100 
2081 474.100 474.100 
2082 474.100 474.100 
2083 474.100 474.100 
2084 474.100 474.100 

2066 474.100 474.100 
2087 474.100 474.100 
2088 474.100 474.100 
2089 474.100 474.100 
2090 474.100 474.100 
2091 - 474.100 474.100 
2092 474.100 474.100 
2093 474.100 474.100 
2094 474.100 474.100 
209.3 474.100 474.100 
2096 474.100 474.100 
2097 474.100 474,100 
2098 474.100 171.100 
2099 474.100 174. lM 
2100 474.100 474.100 
2101 474.100 474.100 
2102 474,100 474.100 
2103 474.100 474.100 
2104 474.100 474.100 
210s 474,100 474.100 
2106 474.100 474.100 
2107 474,100 474.100 

2109 474.100 474.100 
2110 474.100 474.100 
2111 474.100 474.100 
2112 474.100 474.100 
2113 474.100 474.100 
2114 474.100 174.100 
211s 474.100 474.100 
2116 474.100 474.100 

------- _------------_----_-_______I____________------ ---I- 

208s 474.100 4td.100 

2108 474.100 474.100 

2117 474.100 474.m - 
2118 474.100 474.100 

r o r u  s462.nscoo SS12.W8300 f78.340.000 fl.OS3.623.600 

1 1 - 1 1 1 1 1 . . 1 1 1 1 1 1 1 1 1 . l l l l 1 1 1 1 1 1 1 1 1 . 1 1 1 - 1 1 1 1 1 1 - - * - - - - - - - - - . - - - - - - - , - - - - - - - - - - - - . - - - - . - - - , - - - n  i l l l l l l P l P I I I .  

........ W".W---..W...........W....n..."..............................n..........-.....................n...........-"....*.................... 
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TABLE K.4-10 
ALTERNATIVE 3A, CASE 7, LIFECYCLE COSTS 
------I----- ---------I--------------- -------------------- 

CONSTRUCTION REMEDIAL POST - RE ME DIAL TOTAL 
OPERATIONS MAINTENANCE OPERATIONS P MAINTENANCE ANNUAL 

COST 

YOU 
ICONSTANT) 

,DOLLAR) 

1994 
1995 
1996 4.609.000 
1997 as.29a900 
1998 33.e4a800 

2000 3 3 . ~ 4 8 0 0  

2002 33.06a800 

2004 33.e4a800 

2006 3 3. M a 8 0 0  

2008 3 ~ . ~ 6 a m  

2010 33.86a800 

2012 33.e4a.500 

2014 33.86a800 

2016 33.e4a800 

2018 33.e4a.800 

1999 

2001 

2003 

2005 

2007 

2009 

2011 

2013 

201s 

2017 

2019 
2020 - 
2021 
2022 
2023 
2024 
202s 
2026 
2027 
2028 
2029 
2030 
2031 
2032 
2033 
2034 
2031 
2036 
2037 
2038 
2039 
2040 
2041 
2042 
2043 
2044 
204s 
2046 
2047 
2048 
2049 
2050 
2OSl 
2052 
20S3 
2OS4 
20ss 
20.36 
2OS7 
20S8 
20S9 
2060 
2061 
2062 
2063 
2064 

FER\CRUS\APXS\AeP-K\APPICTTIXA1II1IIW. 1:22pm 

2.437.900 
2.437.900 
3.938.400 
7.044.800 
7.044.800 

21.071100 
21.071100 
21.071100 
21.071100 

21.071100 
21.071100 
21.073.100 
21.073.100 
21.073.1 00 
21.071100 
21.07 1 1  00 
21.071100 
21.071100 
21.071100 
21.071100 
21.071100 

21.071100 
21.071100 
13.714300 
13.714.500 
13.714.500 
13.714500 
13.714,JOO 

z i .07a i00  

z i . o 7 ~ , i o o  

4.319.000 
474.100 
474.100 
474.100 
474,100 

28.033.300 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474,100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 

474.100 
474.100 
474.100 
474.100 

4 7 4 . i ~  

2.437.900 
7.046.900 

89.337.300 
40.9 13.600 

7.044.800 
J 4.94 I .900 
1 1.073.100 
J4.941.900 
21.073.100 
J4.941.900 
11.073.100 
J4.94 1.900 
31.073.100 
J4.941.900 
2 1,073. LOO 
J4.941.900 
21.073.100 
J4.94 1.900 
1 1.073. LOO 
J4.941.900 
21.073.100 
J4.941.900 
3 1.073.100 
J4.94 1.900 
21.073.100 
18.033.JOO 
14.1 sa600 
14. isa600 

L J . I B ~ ~ O O  
14.188.600 

28.033.300 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
174.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 

. 474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474,100 
474.100 
474.100 
474.100 
474.100 
474.100 
574.100 
474,100 
474.100 
474.100 
474.100 
474.100 
474.100 

K430 
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206s 
2066 
2067 
2068 
2069 
2070 
2071 
2072 
2073 
2074 
207s 
2076 
2077 
2078 
2079 
2080 
2081 
2082 
2083 
2084 
208s 
2086 
2087 
2088 
2089 
2090 
2091 
2092 
2093 
2094 
209s 
20% 
2097 
2098 
2099 
2100 
2101 
2102 
2103 
2104 
210s 
2106 
2107 
2108 
2109 
2110 
2111 
2112 
2113 
2114 
211s 
2116 
2117 
2118 

474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474,100 
474.100 
474.100 
474.100 
474.100 
474.100 

474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.ldD 
474.100 
474.100 
474.100 
474.100 
474,100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 

4 7 4 . i ~ ~  

474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474,100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 . 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474,100 
474.100 
474.100 
475.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
471.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.300 - 
474.100 

FER\CRUS\APXSWP-lflAPPRIEXn11/11/94,1:22pm 
. * .  ,, 

* I :,.-A . 
K-4-3 1 



A L T E R N A T I V E  C O S T  S U M M A R Y  

ALTERNATIVE:  3C 

L O C A T I O N :  F E Y P  

C A S E  NO. 3 

S H E E T :  1 

DATE:  O I - N O V -  

E S T .  O E  

F. FLO 

ALTJC 

E S T D .  e v :  
C H K D .  B Y :  

E S T .  FILE: 

Vote: All c o s t s  includes R l s t  Budset  a n d  Cont inaency  

FIGURE K.4-11 - ALTERNATIVE 3C, CASE 3, COST SUMMARY 
F E R \ C R U S \ A p X S \ A p P - ~ ~ 1 1 / 1 1 / 9 4 ,  1 :22pm K-4-32 
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A L T E R N A T I V E  C O S T  S U M M A R Y  

SHEET:  A L T E R N A T I V E :  3 C  1 

L O C A T I O N :  F E Y P  D A T E :  04 - NQY - el 
4 EST.  OEP' 

F .  FLOYI  
ALTJCC. 

E S T O .  B Y :  
C H K O .  B Y :  
E S T .  F ILE:  

cAaE NO. 

Nola:  All coats includei R1.k Budsat  and Coniinsency 

FIGURE K.412 - ALTERNATIVE 3C, CASE 4, COST SUMMARY 
FER\CRus\qpXswP-W~11111Iw. 1 :npm K433 

002100 - .  
* - ' ,  ~ I L : ,  

.- . 
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e: ' *  

A L T E R N A T I V E  C O S T  S U M M A R Y  

A L T E R N A T I V E :  3 C  S H E E T :  1 

L O C A T I O N :  F E Y P  D A T E :  04  - u O v  - e 
C A S E  N O .  8 E S T O .  B V :  EST.  O E P  

C H K O .  B V :  F.  FLOY 
E S T .  FILE: ALTJCC 

Hole: All costs includcl Risk Budget and Conlinscncy 

FIGURE K.4-13 - ALTERNATIVE 3C, CASE 5, COST SUMMARY 
#u-. 

FER\CRVS\APXS\l lI11IW. 1:22p K-4-34 
OG%.LUl 
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A L T E R N A T I V E  C O S T  S U M M A R Y  

L L T E R N A T I V E :  5 C  SHEET:  1 

C A S E  NO. e E S T D .  B Y :  EST.  D E P l  

04 - NOV - €34 .OCATION: FEMP D A T E :  

F.  FLOYE C H K D .  B Y :  
E S T .  FILE: ALTJCCL 

l o t o :  All e o s i s  ineludos R I s t  Budpct and Coniinpsnsy 

FIGURE K.4-14 - ALTERNATIVE 3C, CASE 6, COST SUMMARY 
F E R \ c R W 5 V I P X S \ A P P - I 1 1 1 1 1 1 9 4 , 1 : 2 2 p m  K435 . _  . 



4 A L T E R N A T I V E  C O S T  S U M M A R Y  

ALTERNATIVE:  3C 

L O C A T I O N :  FEMP 

C A S E  N O .  7 

S H E E T :  1 

DATE:  07 -  Nov-1 

E S T D .  B Y :  EST. DEI 

F. FLO'  C H K D .  B Y :  

E S T .  FILE: ALTJCI 

Vote: All cost8 include. R i s k  Budget a n d  Contingency 

FIGURE K.4-15 - ALTERNATIVE 3C, CASE 7, COST SUMMARY . .  

FW\CRu5V\PXS\11/11/94,1:22pm K436 
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November 14, 1994 

TABLE K.411 
ALTERNATIVE 3C, CASE 3, LIFECYCLE COSTS 

(CONSTANT) 

YEU (DOLLAR) 

1994 
----_I_--_____-_--__------------- 

199s 2.437.900 2.137.900 
1996 3.149.600 2.437.900 5.587.500 
1997 86,747,300 3.937J00 90.684.800 
1998 20,602400 38.627.500 59.229.900 
1999 38.627.500 38.627.500 

2001 SZ.bSS.900 52.655.900 

2003 S2,6SI900 52.655.900 

J2.6J5.900 200s 52.6SS.900 
2006 20.602400 52.6SS.900 73.258.300 
2007 J2.6S S.900 52.65J.900 
2008 20.602400 52.6SS.900 73.258.300 
2000 52.65S.900 52.655.900 
2010 20.602400 S2.6SS.900 73.258.300 
2011 J2.6SS.900 52.655.900 

2013 52.6SS.900 52.655.900 

201s S2.6SS.900 52.655.900 

2017 52.65S.900 52.655.900 

2019 52.6SS.900 J2.655.900 
2020 - 13.714300 23.633.700 
2021 13.714S00 14,097.300 
2022 13.714.500 14.097.300 
2023 13,714,500 14.097.300 
2024 . 13.714.500 14.097.300 
202s 17.940.800 

2000 20.602400 52.6SS.900 73.zsa300 

2002 20.602400 S2.6SS.900 73.2sa300 

2004 20.602400 52.6SS.900 73.25a300 

2012 20.602400 S2.6SS.900 73.2sa300 

2014 20.602400 52.6SS.900 73.25a300 

2016 20.602400 52.6SS.900 73 .25~300  

2018 20,602440 S2.6SS.900 73 .~5a300  

2026 
2027 
2028 
2029 
2030 
2031 
2032 
2033 
2034 
203s 
2036 
2037 
2038 
2039 
2040 
2041 
2042 
2043 
2044 
204s 
2046 
2047 
2048 
2049 
ZOSO 
2OSl 
20s2 
20.33 
ZOSJ 
2 0 s  
20S6 
20S7 
20S8 
20S9 
2060 
2061 
2062 
2063 
2064 

F E R \ C R U S \ A e X S \ P ~ l l / l l / W .  1:npm 
, : - . .  \ 

. , _  ! .  . '  , . 
K437 

9.919.400 
382.800 
382.800 
382.800 
382.800 

L7.940.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382,800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382,800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 

- 382.800 
382.800 
382.800 
382.800 
3 a 2 . m  
382.800 
382.800 
382.800 
382.800 

. 382.800 

382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382,800 
382.800 - 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 . -  

382.800 ~ ,: 

382.800 - _. 
._ .: 

081104 

R'. 
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TABLE K.411 (Continued) 

206s 
2066 
2067 
2068 
2069 
2070 
2071 
2072 
2073 
2074 
207s 
2076 
20l7 
2078 
2079 
2080 
2081 
2082 
2083 
2084 
208s 
2086 
2087 
2088 
2089 
2090 
2091 
2092 
2093 
2094 
209s 
20% 
2097 
2098 
2099 
2100 
2101 
2102 
2103 
2104 
210s 
2106 
a 0 7  
2108 
2109 
2110 
2111 
2112 
2113 
2114 
211s 
2116 
2117 
2118 

382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382,800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382,800 
382.800 
382,800 
382.800 
382.800 

382.800 
382.800 

382.800 
382.800 

382.800 

38t.nm 

382.800 

382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.900 
382.900 
381.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 

382.8m 

382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
38Z.900 
J82.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 

, 382.800 
382.800 
382,800 
382.900 
382.800 
382.900 
382.800 
382.800 
382.800 - 
382.800 

K43 8 



D 

B 

6 3 4 9  
* F E M P - O S F S 4 D W  

November 14, 1994 

TABLE K.4-12 

YOU 

1994 
199s 2.437.900 
1996 2.S97.100 2.437.900 

1998 lS.897.100 37.642800 
1999 37.642800 
2000 1S.897.100 5 1.67l.200 
2001 51.671300 
2002 1S.897.100 51.671300 
2003 J 1.67l.200 
2004 lS.897.100 51.671300 
200s 51.671300 
2006 lS.897.100 51.671.200 
2007 J1.671.200 
2008 lS.897.100 5 1.671.2M) 
2009 5 1.671.200 
2010 1S.897.100 J1.671200 
2011 51.671200 
2012 lS.897.100 51.671300 
2013 51.67l.200 
2014 1S.897.100 51,671300 
201s S 1.67 1300 
2016 1S.897.100 S 1.67 1300 
2017 51.67l.200 
2018 lS.897.100 51.671300 
2019 S 1.6713 00 
2020 - 13.714J00 9.J8S.100 
2021 13.714300 204.600 
2022 13.714J00 204.600 
2023 33.714SOO 204.600 
2024 13.714.JOO 204.600 
202s 27.762000 
2026 204,600 
2027 204.600 
2028 204.600 
2029 204.600 
2030 204.600 
2031 204.600 
2032 204.600 
2033 204.600 
2034 204.600 
203s 204.600 
2036 204.600 
2037 204.600 

2039 204.600 
2040 204,600 
2041 204.600 
2042 204.600 
2043 204.600 
2044 204.600 
204s 204.600 
2046 204.600 
2047 204.600 
2048 204.600 
2049 204,600 
2oso 204.600 
2OSl 204.600 
20s2 204.600 
2013 204.600 
20S4 204.600 
20ss . 204.600 
20S6 204.600 
20S7 204.600 
20S8 204.600 
2059 204.6e  
2060 204.600 
2061 204.600 
2062 204.600 
2063 204.600 
2064 204.600 

1997 83.823.100 3.937.700 

2038 204.600 

K-4-39 

2.437.900 
J.035.200 

87.761.000 
53.539.900 
37.642800 
67.J68.300 
J 1.671.200 

JL.671.200 

J1.671.LO0 

J1.671.300 
67568,300 
J 1.671.200 
67 .~6a300 
J1.671.200 
67.568.300 
J1.671.100 

51.671.100 

5 1.671.100 

51.671.200 
23.299.600 
13.919.100 
13.919.100 
13.9 19.100 
13.919.100 
37.762.000 

204.600 
104.000 
204.000 
204,600 
104.600 
204.600 
304.600 
204.600 
204.600 
204,600 
204.600 
204,600 
204.600 
204.600 
204.600 
204.600 
104.600 
204.600 
204.600 
204.600 
204.600 - 
104.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204,600 
204.600 
204.600 
204.600 
204.600 
204.600 
204,600 
204.600 

. 204.600 
204.600 - _ _  

67.~6a300 

67 .~6a300 

67.s6a300 

6 7 . ~ 6 a 3 0 0  

6 7 . ~ 6 a 3 0 0  

6 7 . ~ 6 ~ 3 0 0  



FEMP-OSFS-4 DRAFT 
November 14, 1994 

TABLE K.4-12 (Continued) 
CONSTRUCTION 

Ye= 

206s 
2066 
2067 
2068 
2069 
2070 
2071 
2072 
2073 
2074 
2075 
2076 
207l 
2078 
2079 
2080 
2081 
2082 
2083 
2084 
208s 
2086 
2087 
2088 
2069 
2090 
2091 
2092 
2093 
2094 
209s 
2096 
2097 
2098 
2099 
2100 
2101 
2102 
2103 
2104 
2105 
2106 
2107 
2108 
2109 
2110 
2111 
2112 
2113 
2114 
211s 
2116 
2117 
2118 

204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204600 
204.60 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
104.600 
204,600 
204.600 
204.600 
204.60 
204.600 
204.600 
204,600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 

204.600 

204.600 
204.600 
204.600 
204.600 
204.b00 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.b00 
204.600 
204.600 
201.600 
204.600 
104.600 
204.600 
204.600 
204,600 
204.600 ' 

204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
104.600 
104.600 
204.600 
204.b00 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
104.600 
204.600 
204.600 
204.600 
204.600 

201.m 

204.600 

F E R \ C R U S \ A P X S W P - K l A P P ~ l l / l l I W .  1:22pm K-4-40 
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TABLE K.4-13 
ALTERNATIVE 3C, CASE 5, LIFECYCLE COSTS 

1994 
1995 
1996 2.594.3a) 
1997 83.727.200 
1998 lJ.879.200 
1999 
2000 1J.879.200 
2001 
2002 15.879.200 
2003 
2004 11.819300 
2005 
2006 15.879.200 
2007 
2008 15.879.200 
2009 
2010 15.879.200 
2011 
2012 15.879.200 
2013 
2014 1J.879.200 
2015 
2016 lJ.879.200 
2017 
2018 lJ.879.200 
2019 
2020 - 
2021 
2022 
2023 
2024 
202s 
2026 
2027 
2028 
2029 
2030 
2031 
2032 
2033 
2034 
2031 
2036 
2037 
2038 
2039 
2040 
2041 
2042 
2043 
2044 
2045 
2046 
2047 
2048 
2049 
ZOJO 
2011 
2052 
2053 
2054 
2055 
2056 
2017 
20J8 
20J9 
2060 
2061 
2062 
2063 
2064 

FER\CRU5\APXSWP-~PKTEXn11/11/94. k22pm 

2.437.900 
2.437.900 
3.936.100 

36.206300 
36.206300 
S0.234.700 
so.234.700 
50.234700 
50,234.700 
so.234.700 
50.234700 
so.234.7w 
so.234.700 
S0.234.700 
so.234.700 
so.234.700 
so.234.700 
S 0.2 3 4. 7 0 0 
S0.234.700 
S0.234.700 
50.234.700 
50.234700 
50334700 
50.234700 

13.714.Joo 
13.714500 
13,714.Joo 
13.714.J00 
13.714.J00 

s o . 2 ~ 7 0 0  

K-441 

9.530.800 
204.600 
204.600 
204.600 
404.600 

27.762000 
204.600 
204.600 
204.6OO 
204.600 
204.600 
204.600 
204.600 

204,600 
204.600 
204.600 
204.600 
204.600 
204;600 
204,600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204,600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 

- 204.600 
204.600 
204.600 
204.600 
204,609 
204.60  
204.600 
204.600 

204.600 

204.600 
. .  

2.437.900 
s.032.200 

87.663.300 
J2.08S.500 
36.206.300 
66.113.900 
J0.234.700 
66.1 13.900 
J0.234.700 
66.1 13.900 
50.234.700 
66.113.900 
J0.234.700 
e6.113.900 
J0.234.700 
66.113.900 
50.234.700 
66,113.900 
50.234.700 
66.113.900 
J0.234.700 
66,113,900 
50.234.700 
66.11 1.900 
S0.234.700 
23.241300 
13.919.100 
13.919.100 
13.919.100 
1 3.919.100 
37.762.000 

304.600 
304.600 
204.600 
204.600 
2oJ.eoo 
204.600 
204.600 
204.600 
204.6a) 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 - 
204.600 
204.600 
204.600 
204.600 
204.600 
204,600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204,600 



2045 
2066 
2067 
2048 
2069 
2070 
2071 
2072 
2073 
2074 
207s 
2076 
2077 
2078 
2079 
2080 
2081 
2082 
2083 
2094 
208s 
2086 
2087 
2088 
2089 
2090 
2091 
2092 
2093 
2094 
2095 
2096 
2097 
2098 
2099 
2100 
2101 
2102 
2103 

2105 
2104 
2107 
2108 
2109 
2110 
2111  
2112 
2113 
2114 
211s 
2116 
2117 
2118 

2104 

204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
104.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
104.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 

204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204,600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204,600 

104.600 

204.600 
204.600 
204.600 
204.600 
204.600 
204.6M 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 

204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 . 

104.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 , 

204.600 
204.600 
204.6433 
204.600 
:OJ.b433 
204.600 
204.000 
204.600 

204.600 
204,600 
204.600 
104.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 - 
204.600 

204.600 

K-442 
.- . 



6349  
FEMP-OSFS-4 DRAFT 

November 14, 1994 

TABLE K.414 
ALTERNATIVE 3C, CASE 6, LIFECYCLE COSTS 

1994 
199s 
1996 2.434.900 
1997 82.9MS00 
1998 14.517.000 
1999 
2000 14,S17.000 
2001 
2002 14.S17.000 
2003 
2004 14.J17.000 
200s 
2006 14.J17.000 
2007 
2008 14.517.000 
2009 ' 

2010 14.J17.000 
2011 
2012 14,517.000 
2013 
2014 14.517.000 
2015 
2016 14.517.000 
2017 
2018 14.J17.000 
2019 
2020 - 
2021 
2022 
2023 
2024 
202s 
2026 
2027 
2028 
2029 
2030 
2031 
2032 
2033 
2034 
203s 
2036 
2037 
2038 
2039 
2040 
2041 
2042 
2043 
2044 
204s 
2046 
2047 
2048 
2049 
2OJO 
20Jl 
20s2 
20S3 
20S4 
20ss 
20S6 
2057 
2OJ8 
2059 
2060 
2061 
2062 
2063 
2064 

2.437.900 
2.437.900 
3.936.500 

34.949.100 
34.949.100 
48.977.J00 
48.977.500 
40,977,500 
48.977.500 
48.977.SOO 
48.977.S00 
48.977S00 
48.977.500 
48.977.500 
48.977.500 
48.977.JOO 
4 8.977.500 
48.977.J00 
48.977.500 
48.977.500 
48.977.500 
4 8 .977 .m 
48.977.500 
48.977.SOO 

13.714.500 
13.714.500 
13.714.500 
13.714300 
13.714.500 

r a . 9 n . m  

K-4-43 

9.480.900 
204.600 
204.600 
204.600 
204.600 

27.762.000 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204,600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204,600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 

2.437.900 . 
4.872.800 

86.867.000 
J9.466.100 
34.949.100 
63.494.500 
48.977.500 
63.494.500 
J8.977.500 
63,494,500 
J8.977.500 
63.494.500 
J8.977.500 
63,491,500 
48.977.500 
63.494.500 
JB.977.500 
63.494.500 
J8.977.500 
63.494.500 
48.977.500 
63.494.500 
J8.977.500 
63.494.500 
J8.977.500 
13.195.400 
13.919.100 
13.919.100 
13.919.100 
13.919.100 
27.762.000 

204.600 
204.600 
104.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204,600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
104.600 
204.600 
204.600 
204.600 - 
204.600 
204.600 
204.600 
204,600 
204,600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 



FEMP-OSFS-4 D R A I T  
November 14, 1994 

TABLE K.4-14 (Continued) 4 
---I- ---------_----------------------- -----------___-_---_ 

CONSTRUCTION REMEDIAL POT-REMEDIAL TOTAL 
OWRATIONS & MAINTENANCE OPERATIONS P MAINTENANCE ANNUAL 

COST 

206s 204.600 204.600 
2066 204.600 204.600 
2067 204.600 204.600 
2068 204.600 204.600 
2069 2 0 4 . W  204.600 
2070 204.600 204.600 
2071 204.600 204,600 
2072 204.600 204.600 
2073 204.600 204.600 
2074 204.600 204.600 
207.3 204.600 204.600 
2076 204.600 204.600 
2077 204.600 204.600 
2078 104.600 204.b00 
2079 204.600 104.b00 
2080 204.600 204.600 
2081 204.600 104.600 
2082 204.600 204.600 
2083 204.600 204.600 
2084 204.600 204.600 
208s 204.600 204.600 
2086 204.600 204,600 
2087 204.600 204.600 
2088 204.600 204.600 
2089 204.600 204.600 
2090 204.600 204,600 
2091 - 204.600 204.600 
2m 204.600 204.600 
2093 204.600 204.600 
2094 204.600 201.600 
2095 204.600 204.600 
20% 204.600 2OJ.ba) 
2097 204.600 104.b00 
2098 204.600 204.ba) 
2099 204.600 204.b00 
2100 204.600 . 204.b00 
2101 204.600 204.600 
2102 204.600 104.600 
2103 204.600 204.600 
2104 204.600 204.600 
210s 204.600 204.600 
2106 204.600 204.600 
2107 204.600 204.600 
2108 204.600 204.600 
2109 204.600 204.600 
2110 204.600 204.600 
2111 204.600 204.600 
2112 204.600 204.600 
2113 204.600 104.600 
2114 204.600 204.600 
2115 204.600 204.600 
2116 204.600 204.600 
2117 204.600 204.600 - 
2118 204.600 204.600 

Sl.J28.974.J00 
111119,-1911111119.1--- 11111119-.11-1111919--.-------9-.------9.9-9---a-----.-------a,---- = - P m _ P - P - P P P .  

TOTALS f24S.(U2,400 t i . i ~ ~ a 3 3 . 0 0 0  fJ7.089.100 .-.U. "."-.-....-.-.-...U...-..-"---..~...--................"..........~....................."...........-"....-.................... 

K444 
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November 14. 1994 

199s 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
200s 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
201s . 
2016 
2017 
2018 
2019 
2020 - 
2021 
2022 
2023 
2024 
202s 
2026 
2027 
2028 
2029 
2030 
2031 
2032 . 
2033 
2034 
203s 
2036 
2037 
2038 
2039 
2040 
2041 
2042 
2043 
2044 
204s 
2046 
2047 
2048 
2049 
2oso 
20s1 
2OS2 
20S3 
20S4 
ZOSS 
20S6 
20S7 
20S8 
20S9 
2060 
2061 
2062 
2063 
2064 

2.271.600 
82.124000 
14.S89.SOO 

l4,S89.S00 

14389.S00 

14.J89.SOO 

14.S89.500 

ll.S89,S00 

14.J89.S00 

1*.S89.S00 

14.S89.S00 

14.S89.JOO 

14.S89.J00 

2.437.900 
2,437.900 
3.937.100 

34.966.800 
34.966.800 
48.99S.200 
40.991.200 
48.99S.200 
48.99S.200 
48.995300 
48.99S.200 
48,992200 
48.995.200 
48.995.200 
48.995.200 
48.99S.200 
48.99S.200 
48.995.200 
48.995.200 
48.995.200 
48.991200 
48.995.200 
48.99S.200 
48.99S300 
48.995.200 
13,714.S 00 
13.714S00 
13.714.500 
13.714.JOO 
13.714.SOO 

K-4-45 

9.480.900 
204.600 
204.600 
204.600 
204.600 

27.762.000 
204.600 
104.600 
104.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204,600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 

2.437.900 
4.711.500 

86.061.100 
J9.5J6.300 
34.966.800 
63.584.700 
48.995.200 
63.J84.700 
48.995.200 
63.584.700 
48.995.200 
63.584.700 
48,995200 
03.S84.700 

63.584.700 
48.995.200 
63.584.700 
J8.99J.200 
63.J84.700 
48.995.200 
63.584.700 
48.995.200 
63.J84.700 
48.99J.200 
23.195.400 
13.919.100 
13.9 19,100 
13.919.100 
13.91 9.100 
27.762.000 

204.600 
204.0Q) 
104.600 
105.600 
204.600 
204.000 
204,600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204,600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 

4 ~ ~ 9 5 . 2 0 0  



TABLE K.4-15 (Continued) 

FEMP-OSFS-4 D W  

4 November 14, 1994 

CONSrRUCTION 

YUU 

REMEDIAL POST-REMEDIAL TOTAL 
OPERATIONS & MAINTENANCE OPERATIONS 0 MAINTENANCE ANNUAL 

c OST 

~~~ ~~~~~ ~ 

206s 204.60J 204.600 
2066 204.600 204.600 
2067 204.600 204.600 
2068 204.600 204.600 
2069 204.600 204.600 
2070 204.600 204.600 
2071 204.600 204,600 
2072 204.600 204,600 
2073 204.600 204.b00 
2074 204.600 204.600 
207s 2 0 ~ . 6 m  204.000 
2076 204.600 204.000 
2077 204.600 204.000 
2078 204.600 204.600 
2079 204.600 104.000 
2080 204.600 204.600 

2081 204.600 104.600 
2082 204.600 204.600 
2083 204.600 204.600 
2084 204.600 204.000 
208s 204.600 204.000 
2086 204.600 204.600 
2087 204.600 204.600 
2088 204.600 204.600 
2089 204.600 104.600 
2090 204.600 204.600 

104.600 204.600 
204.600 204.600 

2091 - 
2092 
2093 204.600 204.6IJJ 
2094 204.600 204.000 
209s 204.600 204,600 
20% 204.600 104.000 

2098 204.600 204.000 
2099 104.600 104.000 

2100 204.600 104.000 

2097 204.600 104,000 

2101 204.600 204.600 
2102 204.600 204,000 
2103 204.600 204.600 
2104 204.600 204.600 
210s 204.600 204.600 
2106 204.600 204.600 
2107 204.600 204.600 
2108 201.600 204.600 
2109 204.600 204.600 
2110 204.600 204.600 

, 2111 204.600 204.600 
2112 204.600 204.600 
2113 204.600 104.600 
2114 204.600 204.600 
211s 204.600 204.600 
2116 204.600 204.600 

2117 
2118 204.600 

TOTALS L244.882.100 51.127.223.000 SS7.089.100 .--.._..-... n-mn~.....-_.....".....".............-.............-.......n...........-.....................n.......*....n......................... 

204.600 204.600 - 
204.600 

S1.429.194.200 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 . 1 1 1 9  119111111.111111111111.111111111,1111111,~1111~111111.11111*11,1111 OIPPPPPIPIPI. 

K-44 



A L T E R N A T I V E  C O S T  S U M M A R Y  

S H E E T :  
04  - NOV - e.  D A T E :  

E S T D .  a v :  EST.  DEP 

C H K O .  B Y :  F.  FLOYI 

E S T .  FILE: ALT4ACI 

ALTERNATIVE:  4A 

L O C A T I O N :  FEMP 

C A S E  N O .  

1 

a 

II oto: All comtm lnsludsm RImk Budgot and Contlngoncy 

FIGURE K.4-16 - ALTERNATIVE 4A, CASE 8, COST SUMMARY 
FER\CRUS\APXS\APP-K\APPRIEXnllllllW, 1:22pm K-4-47 

" : . .I . . 
* '  :&.-. :;:.:. ,. 'a,: $',. 



4 A L T E R N A T I V E  C O S T  S U M M A R Y  

COMPONEN+ 
ESTIMATE # C O M P O N E N T  DESCRIPTION 

1 SOlLBIDuVAllON 

2 ow-aim Dia-L 

5 ON-SITE D i a r o W ~ ~ u .  

ALTERNATIVE: 4A 

LOCATION:  FEYP 

CASE NO. e 

C O N a T R U C T l O N  REMEDIAL P O S T - R E M .  TOTAL N E T  
C O S T B  O ~ Y  c o a i a  COSTS COSTS P W  c o a i t  

103.1 00.200 0 524.200 73.3ae.131 103.71 3.400 

zz.eeo.ooo 381.800 23.887.200 18.325.01 

271.002.000 o 48.e37.100 318.820.000 200.584.01 

000.800 

snEET:  1 

D A T E :  0 4  - NOV-I  

ESTO. a v :  EST. OEI 
CHKO. 81: F. F L O ’  
E S T .  FILE: ALT4At 

4 

0 

e 
7 

BACIPILL 21.039.200 0 0 zi .e3e.zoo 10.04e.zi 

OMA -ON (-0IM) 10.804;700 z7.58e.eoo 1.043.000 40.033.500 27.883.71 

OWID. - 0 W- WTKTRBATMENT (6w O?M) 47.177.700 31e.ee7.000 ~ o . 7 i o . 0 0 0  3e2.8oe.700 za3.87e.31 

CEN- S f O l u O E  PACILIW 8,201,000 20 .0~z .eoo  z.eee.100 34.203.000 24. iee.71 

0 0 0 72.000.000 50.544.01 72,000,000 ENVIRONMENTAL MONlfORINO 

Nota: All coat# iaclud_ca Risk Budeat and Concinponcy 

e CONTAMINATION SURVEYS 

T O T A L  COSTS ( A L T E R N A T I V E  4 A  - 9 )  

FIGURE K.4-17 - ALTERNATIVE 4A, CASE 9, COST SUMMARY 
FER\CRu5\APXS\11/11/94.1 : zpm K-4-48 

1 . O 5 E , O O O  40.975.500 0 47.534.000 32.715.01 

4 0 2 . 8 3 0 . 0 0 0  o i ~ . t ~ i i . ~ o o  7 a . 3 4 0 . 0 0 0  i . o e 4 . e e o . 0 0 0  e e 4 . 5 2 e . e (  



6349 
FEMP-OSFS-4 DRAFT 

November 14, 1994 

199s 
1996 4.748.J00 
1997 8J.996300 
1998 3J0064600 
1999 
2000 3J.064600 
2001 
2002 3S.064& 
2003 
2004 3s.060600 
200s 
2OOd 3s.064600 
2007 
2008 35.064600 
2009 
2010 3J.060.600 
2011 
2012 3s.064600 
2013 

. 2014 3J.obQ600 
201s 
2016 3s.064600 
2017 
2018 35.060600 
2019 
2020 - 
2021 
2022 
2023 
2024 
202s 
2026 
2027 
2028 
2029 
2030 
2031 
2032 
2033 
2034 
203s 
2036 
2037 
2038 
2039 
2040 
2041 
2042 
2043 
2044 
204s 
2046 
2047 
2048 
2049 
20.50 
20Sl 
20s2 
20S3 
20S4 
ZOSS 
20J6 
20.77 
ZOS8 
20S9 
2060 
2061 
2062 
2063 
2064 

FER\CRU5UPXSWP-WP~l1/11/W. 1:22pm 
L , ” *  , *  I ,< 

2.437.900 
2.437.900 
3.937.700 
8.328.100 
8,328,100 

22.3S6.300 
22.3S6.300 
22.3S6.300 
22.3S6.300 
22.3S6.300 
22.3S6.300 
22.3S6.300 
22.356300 
22.3S6.300 
22.3S6.300 
22.3S6300 
22.3S6.300 
22.3S6.300 
22.356100 
22.3S6.300 
22.3S6.300 
22.3J6.300 
22.3S6.300 
22.3S6.300 
22.3S4300 
13.714.900 
13.714J00 
13,714,500 
13.714,JOO 
13.714.500 

K449 

4 . 3 7 o . i ~  
474.100 
474.100 
474.100 
474.100 

28.032100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
471.100 
474.100 
474.100 
474,100 
474.100 
474,100 
475.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.300 
474.100 
474.100 
474.100 
474.100 
474,100 
474.100 
474.100 
474.100 
474.100 
474.300 

2,437.900 

89.934.000 

8.328.100 
J7.416.900 
22.356300 
57.4 16900 
22.356.300 
57.416900 
22,356.300 
J7.4 16.900 
22.356.300 
57.416900 
12.3.56.300 
J7.416900 
22.356.300 
57.516900 
22.3S6.300 
57.4 16900 
22.356300 
57.416900 
22.356.300 
J7.416900 
22.354300 
18.084.600 
14.188.600 
14.188.600 

7.186.400 

43.3w.700 

14.18a600 
14.188.600 
?8.032100 

474.100 
474.100 
.174.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474,100 
474.100 
474.100 
474.100 
474.100 
474.100 - 
474,100 
474.100 

474.100 
474.100 
474.100 
474.100 
474.100 

474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 - .. 

474,100 

474,ioo 



FEMP-OSFS-4 D M  
November 14, 1994 

TABLE K.416 (Continued) -- --__I_-----_-----I_______________ ------------ -------- 
COWSTUUCTION REMEDIAL POST-REMEDIAL TOTAL 

OPERATIONS & MAINTENANCE OPERATIONS & MAINTENANCE ANNUAL 
COST 

4CONSTANr) 

(DOLLAR) Y a  

206s 474.100 474.100 
2066 474.100 474.100 
2067 474.100 474.100 
2068 474.100 474.100 
2069 474.100 474.100 
2070 474.100 474.100 
2071 474.100 474.100 
2072 474.100 474.100 
2071 474.100 474.100 
2074 474.100 474.100 
207s 474.100 174.100 
2076 474.100 474.100 
2077 474.100 474.100 
2078 474.100 474.100 
2079 474.100 474.100 
2080 474.100 474.100 
2081 474.100 474.100 
2082 474.100 474.100 
2081 474.100 474.100 
2084 474.100 474.100 
208s 474.100 ' 474.100 
2086 474.100 474.100 
2087 474.100 474.100 
2088 474.100 474.100 
2089 474.100 474.100 
2000 474.100 474,100 
2091 - 474.300 474.100 
2092 474.100 474.100 

2094 474.100 474.100 
209s 474.100 . 474.100 
2096 474.100 474.100 
2097 474.100 474.100 
2098 474.100 474.100 
2099 474.100 474.100 
2100 474.100 474.100 

2101 474.100 474.100 
2102 474.100 474.100 
2103 474.100 474.100 
2104 474.100 474.100 
210s 474.100 474.100 
2106 474.100 474.100 
2107 474.100 474.100 
2108 474.100 474.100 
2109 474.100 474.100 
2110 474.100 474.100 
2111 474.100 474.100 
2112 474.100 474.100 
2113 474.100 474.100 
2114 474.100 474.100 
211s 474.100 474.100 
2116 474.100 474.100 
2117 474.100 474.100 - 
2118 474.100 474.100 

S1.095.969.JOO 

-------_-_--__-__-____------_- 

2093 474.100 474.100 

,,,~.,,,,,,,,l,l,,*.lgg, ,11,,,,,,.,19~~1~1~~~,.~~~~~~99~.~~~~,,,.,,,,,,9,,,,U~,,,~,,U,,U,~~ IP-113101111. 

TOTALS f476.411.400 SJ41.168$00 S78.389.900 ...--. nnnn...nnU.n.~..n..~....~..n~.nn................~..nn........~.....................n...........~n...*..................... 

FER\CRUS\APXS\APP-Kll/ll/~, 1:22pm K-4-50 
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November 14, 1994 

TABLE K.4-17 

1994 
199s 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
200s 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
201s 
2016 
2017 
2011 
2019 
2020 
2021 
2022 
2023 
2024 
202s 
2026 
2027 
2028 
2029 
2030 
2031 
2032 
2033 
2034 
203s 
20% 
2037 
2038 
2039 
2040 
2041 
2042 
2043 
2044 
2045 
2046 
2047 
2048 
2049 
2oso 
20s1 
2052 
20S3 
20% 
20ss 
20S6 
20S7 
20S8 
20S9 
2060 
2061 
2062 
2063 
2064 

4,612,800 
8S.317300 
33.904800 

33.904800 

33.904800 

33.904800 

33.904800 

33.904800 

33.904800 

33.904800 

33.904800 

33.904800 

33.904800 

2.437.900 
2.437.900 
3.937.100 
7.070.VW 
7.070.900 

21.099.200 
21.099.200 
21,099.200 
21.099.200 
21.099200 
21.099.200 
21.099.200 
21.099.200 
21.099.200 
21.099.200 
21.099.200 
21.099.200 
21.099.200 
21.099.200 
21.099.200 
21.099.200 
21.099.200 
21.099.200 
21.099.200 
21.099.200 
13.714S00 
13.714SOO 
13.714S00 
13.714S00 
13.714J00 

4,320,200 
474.100 
474.100 
474.100 
474.100 

18.032.100 
474.100 
474.100 
474.100 
474.1w 
474,100 
474.100 
474.100 
474.100 
474,:w 
474.100 
474.100 
474!100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 

474.100 
474.100 
474.100 
474.100 
474.100 

- 474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 

474.100 

K45 1 

2.437.900 
7.0J0.700 

89.254.300 
40.971.700 

7.070.900 
J5.000.000 
21.099.200 
5J.000.000 
21 .OPV.LOO 
J5.000.000 
21.099.200 
J5.000.000 
21.099.200 
JJ.000.000 
21.099.200 
J 5.000.000 
21.099.200 
sJ.000.000 
21.099.200 
5J.000.000 
21.099.200 
J5.000.000 
21.099.200 
s5.000.000 
21.099.200 
18.034.700 
14.18a600 
I 4.1 8a600 
14.ma600 
14.18a600 
38.032100 

471.100 
471.100 
471.100 
171.100 
471.100 
474.100 
474.100 
474.100 
574.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
174.100 
474.100 - 
474.100 

. 474,100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.300 
474.100 
474.100 
474.100 



FEMP-OSFS-4 D m  

4 
November 14, 1994 

TABLE K.4-17 (Continued) 

(CONSTANT? 

YCU (DOLLAR) 

2065 474.100 474.100 
2066 474.100 474,100 
2067 474.100 474.100 
2068 474.100 474.100 
2069 474.100 474.100 
2070 474.100 474.100 
2071 474.100 474.100 
2072 474.100 474.100 
2073 474.100 474.100 
2074 474.100 474.100 

474.100 474.100 2075 
2076 474.100 474.100 

474.100 474.100 t o n  
474.100 474.100 2078 
474.100 474.100 2079 
474.100 J74.100 2080 
474.100 474.100 2081 
474.100 474.100 2082 
474.100 474.100 

474.100 
2083 
2084 474.100 

474.100 474.100 2085 
474,100 474.100 2086 
474.100 474.100 2087 
474.100 474.100 2088 
474.100 474.100 2089 
474,100 474.100 2090 
474.100 474.100 2091 - 
~ 4 . 1 0 0  474.100 2092 
474.100 474.100 2093 
474,100 474.100 2094 
474.100 474.100 2095 
474.100 474.100 

J74.100 
20% 

474.100 2097 
474.100 474.100 2098 
474.100 474 .100  2099 
474.100 J74.100 2100 
474.100 J7J.100 2101 
474.100 474.100 

474.100 
2102 

474.100 2103 
474.100 474.100 2104 
474.100 474.100 2105 
474.100 474.100 

474.100 
2106 

474.100 
474.100 

2107 
474J00 

474,100 
2108 

474.100 
474.100 

2109 
2110 474.100 

474.100 474.100 
474.100 

2111 
474.100 2112 
474.100 J74.100 2113 
474,100 474.100 2114 
474,100 474.100 2115 
474.100 474.100 2116 
474.100 474.100 - 2117 
474.100 474.100 2118 

SSll .Jl l .200 S78.34O0.000 11.054.690.000 

--p------- ----------- -------- 

~lI1ll,l~IIIII1lll.~~~~ -lgllllgl.--g II~PPIIP*.~allllP*II-99---9,m~~~1----~--.--9-9---.--9- 1--m1-----1-. 

"---...-.....~.......-."..........~..........."...........-.....................~...........~"......................... TOTALS S462.838.800 

F E R \ c R U S \ A P X S W P - ~ P ~ 1 1 1 1 1 / W ,  1:npm K452 



A L T E R N A T I V E  C O S T  S U M M A R Y  

S H E E T :  
D A T E :  

ALTERNATIVE: 4C 1 

L O C A T I O N :  FEMP 

C A S E  N O .  0 
0 4  - N O V  - e4 

EST D E P l  E S T D .  B Y :  
C H K O .  B Y :  F FLOYC 
E S T .  FILE: ALT4CCI 

Yotc: All costs includcs Risk Budgct mnd Contingency 

FIGURE K.4-18 - ALTERNATIVE 4C, CASE 8, COST SUMMARY 
F E R \ C R U 5 \ A P X S W P - ~ ~ 1 1 1 1 1 I W ,  1 :npm K-4-53 

, I  1 .  



A L T E R N A T I V E  C O S T  S U M M A R Y  4 
A L T E R N A T I V E :  4C 

L O C A T I O N :  FEYP 

C A S E  NO. e 

S H E E T :  1 

O A T E :  04-NOV- 

E S T O .  B Y :  E S T .  O E  

C H K O .  B Y :  F .  FLO 
Ear.  FILE: ALT4C 

Note:  All costs includos Risk Budset  and Cont inieney  

FIGURE K.4-19 - ALTERNATIVE 4C, CASE 9, COST SUMMARY 
FZR\CRUSL4PXSWP-KUPflAPPRWCnl1/11194,1:22pm K454 



B 

B 

6 3 4 9  
FEMP-OSFS-4 DRAFT 

November 14, 1994 

TABLE K.4-18 

1994 
199s 
1996 2.614.74) 
1997 84.714000 
1998 1J.973.800 
1999 
2000 15,973.800 
2001 
2002 1J.973.800 
2003 
2004 1J.971000 
2005 
2006 15.973.800 
2007 
2008 lJ.973.800 
2009 
2010 lJ.973.800 
2011 
2012 lJ.973.800 
2013 
2014 1J.973.800 
201s 
2016 1.5.973.000 
2017 
2018 1 S . 9 7 1 0 0  
2019 
2020 - 
2021 
2022 
2023 
2024 
202s 
2026 
2027 
2028 
2029 
2030 
2031 
2032 
2033 
2034 
203s 
2036 
2037 

2039 
2040 
2041 
2042 
2043 
2044 
204s 
2046 
2047 
2048 . 
2049 
2oso 
20Jl 
2OS2 
20J3 
20S4 
20ss 
20J6 
20S7 

2059 
2060 
2061 
2062 
2063 
2064 

2038 

zosa 

FER\CRUSWXSWP-K\APPRIMT\I 111 1/94,1:22pm K455 

9.J30.200 
204.600 
204.600 
204.600 
204.600 

27.762600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 

' 204.600 
204.600 
204.600 
204:600 

204.600 
204.600 
204.600 
204.600 
204,600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 

204.600 

. 204,600 
204,600 
204.600 
204.600 
204.600 
204.61% 
204,600 
204,600 ' 

204.600 
204.600 

2.437.900 
5,052.600 

88.647.100 
52.223.600 
36.249.800 
66.252.200 
~ 0 . ~ 7 a 4 o o  

50 .~7a400 

50 .~7a400 

66.252.200 

66.252200 

06.252200 
50.278.400 
66.252200 
~ 0 . 2 7 1 ~ ~ 0 0  
06.2SL200 
50,278.400 
66252.200 

66.252200 
50.278.400 
66.2J2.200 
50.278.400 
66.252.200 

23.244.700 
13.9 19.100 
13.9 19.100 
13.919.100 
13.919.100 
27.762600 

104.000 
204.000 
204.000 
204.600 
104.600 
104.000 
204.600 
204.600 
204.600 
204.6W 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
104.600 
104.600 
204.600 
204.600 - 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 

~0 .27a400 

~0 .27a400 

_. 
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Y o u  
(CONSTANT) 

(DQLLAI) 

206s 204.600 204.600 
2066 204.600 204.600 
2067 204.600 204.600 
2068 201.600 204.600 
2069 204.600 204.600 
2070 204.600 204.600 
2071 204600 204.600 
2072 204.600 204.600 
2073 204,600 204.600 
2074 204.600 204.600 
207s 204.600 204.600 
2076 204.600 204,600 
2077 204.600 204.600 
2078 204.600 204.600 
2079 204.600 204.000 
2080 204.600 204.600 
2081 204.600 204.600 

204.600 204.600 2082 
204.600 204.600 2083 

2084 204.600 204.600 
204.600 204.600 208s 
204,600 204,600 2086 
204.600 204,600 2087 
204.600 204.600 2088 
204.600 204.600 2089 
204.600 204.600 2090 
204.600 204.600 2091 - 
204.600 204.600 2092 
204.600 204.600 2093 
204.600 204.600 2094 
204.600 105.600 209s 
204.600 204.000 2096 
204.600 304.600 2097 
204.600 204.000 2098 
204.600 204.600 2099 
204.600 204.600 2100 
204.600 204.600 2101 
204.600 204.000 2102 
204.600 204.600 2103 
204.600 204.600 2104 
204.600 204.600 
204.600 204,600 

210s 
2106 

204.600 204.600 2107 
204.600 204.600 2108 
204.600 204.600 

204.600 
2109 
2110 204.600 

204.600 204.600 2111 
204.600 204.600 2112 
204.600 204.600 2113 
204.600 204.600 2114 
204.600 204.600 211s 
204.600 204.600 2116 
204.600 204.600 2117 
204.600 204.600 2118 

tl.lSS,4S3.000 157.139.000 S1.475.628.JOO 
~ g l g ~ g l g g g g g g g g g g g . ~ g g g  I J g ~ g ~ . I ~ g g . l g g g ~ g g g g g ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  aPP--aexsv---P= 

TOTALS t263.OM.J00 ....n.nUIUII.n....-......-.......-. ".....-..............-...*......-.."......-.....................-...........,."....~...........*."....~ 
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FEMP-OSFS-4 DRAFT 
November 14, 1994 

TABLE K.4-19 
ALTERNATIVE 4C, CASE 9, LIFECYCLE COSTS 

(CONST4NT) , D O L U R )  Y e s  

1994 
1995 

2.479.04) 2.437.900 4.916.900 1996 

14,894,000 34,992900 39.886900 1998 

34.992900 34,992900 1999 

2000 14.894000 49,021,200 63.91 5.200 
49.021.200 49.021.200 2001 

2002 14.894000 49.021.200 63.9 15.200 
2003 49.021.200 49.021.200 
2w4 14.894000 49,021,200 63.915.200 
2005 49,021,200 49.021.200 
2006 14.894.000 49.021.200 63.915.200 

49.021.200 2007 49,021.200 
63.915.200 2008 14.894.000 49,021.200 

2009 49.021.200 49.021.200 
2010 14.894.000 49.021.200 63.915.200 

2012 11,894,000 49.0222 00 63.915.200 
2013 49.021.200 49.021.100 

63.91J.200 2014 14,894,000 49.021.200 
2015 49.021.200 49.021.200 

63.915.200 2016 14.894.000 49.021300 
2017 49.021.200 49.021.200 
2018 14.894000 49.02U00 63.915.200 
2019 49.02U00 49.021200 
2020 - 13,714.SOO 9.480.300 33.194.800 
2021 13.714500 204.600 13.919.100 
2022 13.714500 204.600 13.919.100 
2023 13.714.500 204,600 13.919.100 
2024 13.714.500 204.600 13.919.100 
202s 27.762.600 17,761600 
2026 204.600 104.600 
2027 204.600 104.600 

2029 304.600 204.600 
2030 204.600 204.600 
2031 204.600 204.600 
2032 204.600 204.600 
2033 204.600 104.600 
2034 204.600 204.600 
2035 204.600 204.600 
2036 204,600 204.600 
2037 204!600 204.600 
2038 204.600 t04.600 
2039 204.600 204.600 
2040 204.600 204.600 
2041 204.600 204.600 
2042 204,600 204.600 
2043 204,600 204.600 
2044 204.600 204.600 
204.3 204.600 204,600 
2046 204,600 204.600 
2047 204.600 204.600 
2048 204.600 204.600 
2049 204.600 204.600 
2050 204.600 204.600 
2051 204,600 204.600 
2052 204.600 204.600 
2053 204.600 204.600 
2054 204.600 204.600 
205s . 204.600 204.600 
2056 204,600 204.600 
2057 204.600 204.600 
2058 204.600 204.600 
2059 204.6-00 204.600 
2060 204,600 204.600 
2061 204.600 204.600 
2062 204.600 204.600 
2063 204.600 . 204.600 
2064 204.600 204.600 - - -  

-------------------__--__-_-_---_-_-_ I---- 

2.437.900 1.437.900 

1997 83.150900 3.937.900 87.08a800 

2011 49.02L200 49.021.200 

2028 204.600 204.600 

~ \ C R ~ ~ W X S W P - K U P P ~ ~ ~ / ~ ~ / W ,  1:epm K457 
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TABLE K.4-19 (Continued) 
-11 --II ---I-Y--------------------~------_---I--------------- 

CONSTRUCTION REMEDIAL POST-REMEDIAL TOTAL 
OPBRATIONS & MAINTENANCB OPBRATIONS P MAINTENANCB ANNUAL 

COST 

(CONSTANT) 

Y O r  (DOLLARI 
_.- _------I-------------_-------_-____-_ 

206s 204.600 204.600 
2066 204.600 204.600 
2067 204.600 204.600 
2068 204.600 204.600 
2069 204.600 204.600 
2070 204.600 204.600 
2071 204.600 204.600 
2072 204.600 204.600 
2073 204.600 204.600 
2074 204.600 204.600 
207s 204.6CO 204,600 
2076 204.600 204.600 
2077 204.600 204.600 
2078 204.600 204.600 
2079 204.600 204.600 
2080 204.600 204,600 
2081 204.600 204.600 
2082 204.600 204.b00 
2083 204.600 204.600 
2084 204.600 204.600 
208s 204.600 204.600 
2086 204.600 204.600 
2087 204.600 204.600 
2088 204.600 204.600 
2089 204.600 204.600 
2090 204.600 204.600 
2091 - 204.600 204.600 
2092 204.600 204.600 
2093 204600 204.600 
2094 204.600 204.600 
209s 204.600 204.600 
2096 204.600 204.600 
2097 204.600 104.600 
2098 204.600 204.600 
2099 204.600 204.600 
2100 204.600 204.600 
2101 204.600 104.bU) 
2102 204.600 104.b00 
2103 204.600 204.bQ) 
2104 204.600 204.600 
210s 204.600 204,600 
2106 204.600 204.600 
2107 204.600 204.600 
2108 204.600 204.600 
2109 204.600 204.600 
2110 204.600 204.600 
2111 204.600 204.600 
2112 204.600 204.600 
2113 204.600 204.600 
2114 204,600 204.600 
211s 204.600 204.600 
2116 204.600 204.600 
2117 204.600 104.600 - 
2118 204.600 204.600 

TOTALS S249.463.900 S1.127.7W.000 SJ7.089.100 11.434.349.000 
111111111-11111111.1111 111111111..1-1111111D1.--1111D11*11-11D1,1111-1-1--1-.-1111D11.1-11 I-*---------. 

..*.-.*. ............................................................................................................................................. 
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The Operable Unit 5 remedial alternatives are comprised of a combination of the following remedial 
components: 3 

2 

Soil excavation 
Soil washing 
Off-site disposal 
Stabilization 
Consolidation 
On-property disposal cell 
Backfill 

0 Groundwater monitoring 
Great Miami Aquifer extraction 
Central storage facility 
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The remedial component detailed descriptions further define the building blocks of each remedial 14 
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alternative with respect to the technologies to be used and the performance requirements associated 
with those technologies. The detailed descriptions include a functional description of each remedial 
component and a combination of the following preliminary engineering documents: B 

' Process or block flow diagram 
Major equipment list 
Site plan 
Cross-section 
Typical well design 

18 
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The remedial components are described in detail in the following sections. 23 
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B .  L. 1 .O SOIL EXCAVATION i 

Contaminated soil exceeding preliminary remediation levels (PRLs) for each alternative would be 
excavated using conventional earth moving equipment. Figure L. 1-1 presents a flow diagram 
depicting the major activities associated with soil excavation. 

L. 1.1 VERIFICATION SURVEYS 
The objective of the verification survey is to provide sufficient data to design and implement the soil 
excavation process. The excavation footprints presented in Section 2.0 of the Feasibility Study (FS) 
were based upon a kriging analysis of the available uranium data for soil and sediment collected 
during the Remedial Investigation (RI) and other environmental studies conducted at the Fernald 
Environmental Management Project (FEMP). The kriging analysis was supplemented by manual 
interpretations of data for other constituents of concern (COCs), which were presented in the 
Operable Unit 5 RI Report. While this distribution of samples is appropriate to establish the 
approximate limits of excavation and the volumes of material to support the evaluation of the remedial 
alternatives, it is not sufficient to design an effective remediation program. For instance, the data 
points showing FEMP contamination are generally separated by 3000 feet or more. The FEMP has 
estimated that the minimum area of land required to fully develop the resident farmer scenario, used 
for the derivation of PRLs, is from five to 20 acres. The available RI data is insufficient to establish 
the average concentration of contaminants distributed over individual five to 20 acre areas. Such 
resolution is required to ensure that private land which exceeds the risk-based PRLs is adequately 
addressed while areas not contaminated will not be unduly disturbed. 

The cost of excavating and treating or disposing of contaminated soil is very high. Therefore, it is 
vital to the success of the remedial action to be sure that only contaminated materials are removed 
and, at the same time, be sure that all the material exceeding the final remediation levels are 
removed. Further, while the RI Report data indicate the general vertical and lateral extent of 
contamination in sufficient detail to be sure that the materials are present, they do not define the 
vertical extent of contamination sufficiently to be used in directing conventional excavation 
equipment. The verification sampling program, as conceptually outlined here, would provide data at 
a sufficient level of detail to make these decisions. The verification sampling program would be 
finalized as part of the remedial design and remedial action process. 
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The nature of the contamination, the method of deposition and the subsurface conditions of the area 
are factors that are involved in the design of the verification sampling. 
volume of soil to be excavated in the off-property areas where the contaminants arrived by air 
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Sampling to determine the 

deposition will be different from sampling in the production area where acidic fluids were spilled. 
Because of such variability, the guidance on statistical sampling approaches and methods for D 
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B performing such surveys are established within a technical memorandum issued by the U.S. 
Environmental Protection Agency (EPA) entitled "Methods for Evaluating the Attainment of Cleanup 
Standards. " Using this guidance, a consistent conceptual approach has been develiped for verification 
sampling of affected areas off FEMP property, on-property areas outside the production area and 
waste storage areas, and on-property areas within the production and waste storage areas following 
source removal activities. Generally the strategy would be to survey boundary areas to define the 
limits of the excavation, remove all material within the boundaries, and conduct a certification 
sampling program before an area is backfilled. 

Analytical detection levels and procedures may range from hand held field instruments to laboratory 
procedures. The selection of the analytical precision levels will be dictated by the establishment of 
the final remediation levels in the Record of Decision (ROD). The collection of quality control 
samples would be commensurate with the analytical procedures and consistent with the Sitewide 
CERCLA Quality Assurance Project Plan (SCQ). Where possible, instrument measurements with 
hand-held radiological detection instruments would be taken at each survey location. When 
instrument measurements are statistically higher than background and bracket PRL concentrations, 
minimal or no samples would be collected to kerify the extent of the excavation. Under these 
conditions, the instrument data would be used to determine the area to be excavated. 

As a continuation of the K, investigation, which has indicated that radionuclides present in soil outside 
the FEMP-controlled areas are essentially immobile in the soil, approximately 10 percent of the 
samples collected in the verification sampling will be tested for leachability. This data will be used to 
support the waste characterization for disposal of the excavated material. 

L. 1.1.1 Off-Prouertv Verification Survey 
Verification surveys would be conducted, as required, to focus on the affected soil, sediment and 
other miscellaneous impacted areas located off the FEMP property. The verification program for 
sediment would be focused on Paddys Run and the Great Miami River. The miscellaneous impacted 
areas include the contaminated rubble and soil located adjacent to the FEMP outfall line at the Great 
Miami River and potentially affected soil beneath the retired outfall line. 

- Soil 
RI data suggest that potentially an area as large as 11 square miles off the FEMP property may be 
above the PRLs for soil. The lateral extent of the impacted area is closely linked to the determination 
of the final remediation level. If the final cleanup level is established using the lo6 risk level of 
5 ppm for the resident farmer for affected off-property areas, it is estimated that over five million 
cubic yards of soil distributed over the 1 1-square-mile area of privately owned land would be 
affected. The concentration of urariium suspected to reside in the vast majority of this area is D 
FER\CRUS\APXS\APP-L\SEC-LI\Novcmbcrl3. 1994 I :59pm L-1-3 
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estimated to be less than 6 to 8 ppm. At a final cleanup level approximating the lo5 residual risk 
level to the resident farmer of 15 ppm, the area of impacted soil is estimated to be immediately 
adjacent to only the eastem and northern property lipes of the FEMP. The volume of impacted soil 
at this target cleanup level is estimated to be approximately 400,000 cubic yards. Raising the cleanup 
level to permit approximately 50 ppm of uranium to remain in the affected soil would essentially 
eliminate the need for off-property excavation, with the exception of activities to address soil beneath 
the retired outfall line and the contaminated rubble and soil present adjacent to the outfall line 
discharge point. 

As noted earlier, the appropriateness of specific analytical methods would change with the selection of 
the final cleanup level. For uranium, variations in the method of detection and analysis would be 
required if the PRL was reduced from the approximate 50 ppm level to the near background level of 
5 ppm associated with the 10-6 risk level for the resident farmer. On the basis of work at the FEMP 
and other cleanup sites, the ability to use hand-held radiological detection instruments becomes 
increasingly difficult as the concentration in soil falls below 100 ppm. The practical limit of currently 
available hand-held, field-proven instruments is approximately 50 ppm for uranium. Detection at this 
level typically requires the use of fully shielded detectors (shielded FIDLER) with each measurement 
requiring a count time of 1 to 10 minutes. The ability to detect uranium in soil at low concentrations 
is affected by many conditions including: the type and distribution of radionuclides present in the 
soil; the efficiency of the detector; the moisture content of the soil; and the detection geometry. 
Therefore, below the range of 50 to 100 ppm of residual uranium in soil, verification sampling must 
be conducted followed by laboratory analysis of samples and statistical interpretation of the results. 
Similar limitations would be confronted in the detection of other radionuclides in soil. The available 
RI data suggest that the concentrations of other radionuclides, including radium and thorium, present 
in soil at the FEMP are generally below the detection capability of hand-held instruments. Some 
limited usage of hand-held radiological instruments may support the removal of impacted soil within 
the Operable Unit 1 and 4 areas. 

For the nonradiological parameters, hand-held instrumentation could not be utilized, except for 
detecting volatile organics at relatively high concentrations. All verification and certification sampling 
performed off the FEMP property for non-radiological parameters is assumed to include either trailer- 
mounted or full laboratory analysis. 

The off-property soil potentially impacted at the lo4 risk level is distributed over a broad contiguous 
area, with isolated suspect areas located outside the contiguous area. The suspect areas are generally 
situated along low-lying areas such as drainage swales. These suspect areas generally had one to 
three sampling locations indicating residual concentrations within f 10 percent of the PRL. The 
objective of the verification sampling program, in the event the 10‘ resident farmer risk level PRL is 
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adopted as part of the selected remedy, would be to sample this relatively large off-property area to 
the extent necessary to define the outer limits of excavation, assuming excavation would be to a depth 
of six inches everywhere. Due to the size of the affected area, and the need to acquire access, the 
sampling of this area would be expected to require up to three years to complete. 

For purposes of cost analysis in this FS, a conceptual.sampling approach was adopted for the 106 risk 
level off-property footprint to determine if the average residual concentration exceeded the PRL in 
any 5-acre area. The general approach would be to initiate sampling at the suspected outer edge of 
the contaminated area as presented in the RI; the outer edge is an isoconcentration line dividing clean 
from contaminated samples. The location of this line is refined by successively sampling half way 
between clean and contaminated sample pairs. 

Initially a sample would be collected approximately half way between the last RI sampling location 
that exhibits contamination greater than the PRL and those that do not for every pair of points which 
bracket the isoconcentration. Based upon the analyses of the first sample, a second sample would be 
collected half way between the samples that bracket the isoconcentration line. Given the spacing of 
the RI sampling locations, sampling would have to be repeated four times to define the boundary for 
an area less than 5 acres in size. 

Figure L.l-2 illustrates the sampling sequence. The RI samples are indicated by an X for clean 
samples and an 0 for contaminated samples. The isoconcentration line defining the approximate limit 
of contamination is drawn between sampling locations with a dashed line. To determine the location 
of the first sample, a line is drawn between each RI sample pair. If the spacing between adjacent 
clean samples is greater than 5000 feet, an additional sampling line is drawn from a contaminated 
sample to bisect the distance between the clean samples. An initial sample, shown by a 1 in 
Figure L.l-2, is collected half way between each RI. sample pair or at a distance of 1500 feet from 
the contaminated sample. The result of this initial sample is plotted on the map. If Sample 1 is 
greater than the PRL the second sample, shown as a 2 in Figure L.l-2, is taken half way between 
Sample 1 and the clean RI sample. If Sample 1 was less than the PRL the second sample is taken 
half way between Sample 1 and the contaminated RI sample. The results of Sample 2 are evaluated 
in the same manner as Sample 1. Sample 3 will be collected half way between Sample 2 and the 
adjacent clean or contaminated sample depending on the level of contaminatjon in Sample 2. The 
refined isoconcentration line is shown as a .solid line in Figure L. 1-2 after the sampling distance has 
been halved four times. 

Given that the RI samples are spaced approximately 3000 feet or more apart, it will require four 
samples to have a density of samples approximately 200 to 300 feet apart. A 5-acre area is 
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approximately a circle 530 feet in diameter; therefore, the sampling density would be sufficient to 
indicate the presence of contamination in a 5-acre area. 1 
Sampling would continue until the boundaries were adequately defined to facilitate the mobilization 
and direction of excavation equipment. Random sampling would be conducted within the bounded 
area to verify that the assumption of contiguous contamination was appropriate. Additionally, within 
the bounded area, sampling would be conducted on tilled agricultural land to ensure that the surface 
soil continued to exhibit the elevated concentrations of uranium. For purposes of the FS, it was 
assumed that all collected samples would be analyzed for isotopic uranium, with a percentage sampled 
for other site-related COCs. 

The same procedure would be used to refine the size of suspect areas. Because the available data 
defining these suspect areas is extremely limited, initial samples would be collected from locations 
within 50 feet of the RI data set. Following confirmation, the available data would be used as the 
basis for the design of a sampling scheme. It is conceivable that some suspect areas may be reduced 
in size to below the 5-acre limit and therefore not require remediation. 

A similar sampling scheme would be adopted to define the area of excavation at the 10’ residual risk 
level to the resident farmer of approximately 15 ppm. At this concentration range, some reliance can 
be placed on the use of total uranium analysis as opposed to isotopic analysis. Total uranium analysis 
offers advantages regarding both cost and turnaround time. For the FS, it is assumed that all samples 
collected are analyzed for total uranium with 20 percent analyzed for isotopic uranium and other 
potential site-introduced COCs. Associated with the verification survey at this PRL. a scan would be 
performed of the potentially impacted areas with hand-held radiological instruments to provide a 
higher degree of confidence that potential hot spots exceeding 50 ppm of uranium were detected and 
removed. 

1 

At a PRL of approximately 50 ppm uranium or higher, the off-property verification survey would 
heavily rely upon the use of hand-held radiological instrumentation. A scan survey would be 
conducted in all areas suspected of exceeding this level. 
All or the most significant portion of soil above the action level is removed as part of the Sewage 
Treatment Plant Removal Action; the verification survey would reconfirm these results through the 
scan survey ana the collection of discrete samples in areas suspected of exceeding the PRL. 

Within the off-property area are three general land use types that impact sampling. These are 
cultivated agricultural land, rolling pastures or grass-covered areas around residences, and steep 
slopes with forest cover. The selection of the actual sampling locations would use the following guide 
for these areas. Sampling would be biased toward undisturbed areas along the edge of cultivated land 
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if such areas are present within 100 feet of the prescribed sampling location. If an undisturbed area is 
not available, samples would be collected in the cultivated area over the 0- to 2-inch interval and over 
the 10- to 12-inch interval to determine if uranium has been worked into the soil by cultivation 
activities. Grass-covered areas would be sampled at the prescribed locations. In areas with steep 
slopes and forest cover, samples would be collected at the base of slopes within 100 feet of the 
prescribed sampling location. The base of the slope is where particulates falling on the surface would 
accumulate due to surface water runoff. 

Because the source of contamination is airborne deposition of relatively insoluble uranium, two 
samples would be collected at each location. A surface sample collected over a vertical interval of 0 
to 2 inches and a deeper sample collected over the interval of 6 to 8 inches. It is assumed that within 
the lateral boundary 6 inches of soil would be removed from all areas. Certification sampling would 
be conducted to ensure that all contamination has been removed; therefore, verification sampling to 
determine the depth of contamination within the 11 square miles would not be required. 

. Sediment 
Available data from the RI and other site sampling programs for the concentration of contaminants in 
the sediment in Paddys Run and the Great Miami River is limited. The ability to collect 
representative samples is obviously hindered by the continuously changing nature of the sediment. To 
verify that no excavations or dredging would be required, ver.ification sampling would be performed 
in the sediment in both the creek and the river. Verification sampling is assumed to take place near 
the end of the soil remediation process so that any impacts of the cleanup can be addressed. 

Miscellaneous Off-Prouertv Areas 
Verification sampling would not be conducted to establish the need for soil excavation at the location 
of the contaminated rubble and soil at the outfall line to the Great Miami River, and for the soil 
beneath the retired outfall pipeline along its course from the FEMP sewage plant to the river. For 
both of these situations, the nature or location of the potentially contaminated soil precludes the ability 
to perform verification sampling in advance of excavation operations. Therefore, it is assumed that 
any required verifications surveys would be conducted during excavation at these locations. For the 
contaminated rubble and soil at the outfall line, sampling performed during the RI was inconclusive 
due to the inability to acquire sufficient representative samples. Sampling in this area was limited due 
to the presence of buried concrete which prevented the collection of soil samples at depth. Available 
data indicate that quantities of contaminated concrete rubble and soil are located adjacent to the outfall 
discharge point. All remedial alternatives assume that this material will be excavated and that 
contaminated rubble and any soil exceeding final remediation levels would be returned to the FEMP 
for disposition in accordance with the ROD. 
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For purposes of the FS, it was assumed that up to 12 inches of soil in a three foot wide strip along 
the entire length of the outfall line would require excavation to attain final remediation levels. 
Sampling of these soils is hindered by the presence of the buried cast iron line. Sampling is assumed 
to be conducted during the process of removing the line. Soil exceeding the PRLs would be returned 
to the FEMP for disposition in accordance with the ROD. 

Off-Drouertv Access 
To conduct the verification sampling program for off-property affected areas, written access 
agreements will be required from each involved land owner. Such agreements are presently used by 
the FEMP to collect environmental samples as part of the Environmental Monitoring Program. 
Typically agreements are readily obtained; however, obtaining access in select cases may prove 
difficult due to the owner’s reluctance to have the property disturbed, or due to concerns over the 
language of the agreement. In these cases, every effort would be made to obtain access through 
discussions with the involved property owner. In cases where voluntary access cannot be acquired 
through use of the referenced agreement process, the U.S. Department of Energy (DOE) would refer 
the matter to the U.S. Department of Justice to exercise DOE’S authorities to acquire access pursuant 
to Section 104(e) of the Comprehensive Environmental Response, Compensation and Liability Act 
(CERCLA). 

L. 1.1.2 Areas Outside the Production and Waste Storage Areas Verification Survev 
Surface soil contamination has been detected in the pastures and wooded areas of the FEMP outside 
the production and waste storage areas. Except for the trap range, the source of contamination is due 
to airborne deposition of constituents on the surface. Within the trap range area the source of 
contamination is lead shot and clay pigeon fragments deposited on the land surface coupled with 
airborne deposition of historical emissions from process stacks. Contamination in these areas outside 
other operable units is likely to be within 12 inches of the surface and a deep subsurface sampling 
program is not required. 

The RI samples in these areas are generally too widely spaced for the development of specific 
excavation plans. Additional sampling is required to define the outer boundary and the vertical extent 
of the contamination. For the purpose of the FS, the conceptual sampling plan in these areas would 
be conducted on a 400-foot grid. Initial sampling locations would be based on the isoconcentration 
boundaries of contamination defined in the RI Report. The initial samples would be collected at the 
grid intersections that appear to bracket the isoconcentration boundaries. If contamination is found at 
both grid locations, the next location away ‘from the isoconcentration line would be sampled. If the 
samples at two grid locations bracket the PRL level, samples will be collected along the grid and 
diagonals half way back toward the contaminated area. Based on the results of the second sample the 

6 

7 

8 

9 

IO 

I I  

12 

13 

14 

15 

16 

17 

18 

19 

20 

? I  

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

FER\CRUS\APXS\APP-L\SEC-LI \November1 3, 1994 I :59prn L- 1-9 
I - .  

* I  

’* - I . ’ \  



FEMP-OSFS-4 DRAFT 
November 14, 1994 

distance would be split a second time and a third sample would be collected to bracket the 
isoconcentration boundary within a 100-foot interval. 

Samples will be collected at each location over depth intervals of 0 to 2, 4 to 6, 10 to 12, and 18 to 
20 inches using hand tools. The top two intervals would be analyzed and the lower two intervals 
would be archived for later analysis if required. Both deeper samples would be analyzed if the 4- to 
6-inch interval is above the PRL level. 

As discussed for off-site soil, the method of detection and analytical procedures will be determined by 
the PRL defined in the ROD. Hand-held instruments would be used to the extent practical for the 
verification sampling program. Hand-held instruments may be used in the initial sampling to 
determine if the soil is grossly contaminated. If so, the field instrument result would be used and 
additional samples would be collected at the next grid away from the contaminated area. If PRL 
levels allow hand-held detection instruments to be used for defining the extent of contamination, 
20 percent of the samples defining the clean area would be sent to a laboratory for confirmatory 
analysis. 

. 

L. 1.1.3 Areas Within the Production and Waste Storage Areas Verification Survey 
It is assumed for the development of verification sampling that the majority of the buildings would be 
removed from the production area and that only residual soil would be present from the waste pits 
and other operable unit areas. 

soil 
Sampling would be conducted using the same logic as presented in Section L. 1.1.2; however, the grid ' 
size would vary depending on the area and contaminant present. Because sources of contamination in 
these areas include spills and liquid leaks, sampling would extend to the water table or to a depth 
5 feet below the depth of the RI sample that indicated contamination was present. Sampling would 
begin with the 6-inch interval used by the RI samples and continue with 6-inch samples collected 
every other 6 inches until the bottom of the boring is reached. 

. 

Hazardous Waste Management Units 
In the FS, estimates were made of the volume of soil containing both listed and hazardous wastes at 
levels requiring action in the vicinity of hazardous waste management units (HWMUs) to be closed in 
conjunction with remedial activities and for other localized areas of soil at the site. Additionally, the 
volume of soil potentially containing petroleum products due to releases from underground storage 
tanks was estimated. Verification sampling around HWMUs and underground tanks would be done 
beginning with a 100-foot grid. After the sampling interval is split twice the boundary would be 
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B bracketed laterally within a 25-foot interval and vertically within a 6-inch interval. Three-dimensional 
sampling plans could be generated from this data. 

Hand-held detection instruments would be used where applicable to reduce the cost and time required 
to conduct the verification sampling. In addition to radiological detectors, photoionization detectors, 
portable volatile organic analyzers, and portable x-ray fluorescence equipment would be employed to 
screen samples when appropriate, based on PRL levels. 

Perched Groundwater 
Where perched groundwater is contaminated the soil containing the perched groundwater would be 
excavated. It is therefore necessary to determine the extent of the coarse-grained sand and silt that 
contain the perched groundwater and the depth to the base of these geologic units. For the FS, the 
coarse-grained material would be removed if it is capable of a sustained yield of 1 gallon per minute 
(gpm) for at least two days. The outline of the coarse-grained material to be removed has been 
presented in Section 2.0 of the FS and the strategy for cleanup is presented in Section 4.0. 

Groundwater sampling records would be reviewed to determine which wells and existing piezometers, 
near the edge of the perched groundwater contamination zone would be tested for yield. Low volume 
peristaltic pumps would be used with a flow meter to determine the yield of each well or piezometer. 
Wells or piezometers that typically went dry during sampling would be assumed to be below the 
1 gpm yield criteria. 

b 

The production area has been sampled geologically on a 250-foot grid. .The conceptual approach for 
the FS would be to drill and sample for geologic information around the perched groundwater 
contamination areas using the existing 250-foot grid or an extension of it. Borings would be 
advanced to determine the subsurface geology and if perched groundwater is available from the 
sediment. Samples would be collected with an appropriate sampling device to provide a full geologic 
description of the material in the subsurface. The boring would advance until at least 3 feet of till has 
been penetrated below the water-bearing unit or the boring is within 5 feet of the base of the glacial 
overburden, whichever comes first. Because the sampling is to provide a definition of the water- 
bearing unit there is no need to collect samples for chemical analyses. If the boring has at least 2 feet 
of free water during drilling and if there are no piezometers within 125 feet of the boring, a 
piezometer would be installed in the boring; otherwise, the boring would be backfilled with grout. A 
yield test would be conducted and water levels would be monitored during excavation to verify that 
the water levels fall as excavation proceeds and the correct unit is being excavated. Post-excavation 
certification samples would be taken after the perched groundwater zones are removed to ensure that 
the contamination has been removed. 

D 
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Soil in Storage 
For soil currently in storage piles and boxes, the volume estimates were made on the basis of 
available data, process knowledge, or best engineering judgment. Before the initiation of detailed 
design of treatment systems to address the petroleum products or the RCRA-regulated components of 
the soil, characterization would be completed by sampling the storage piles and boxes to the extent 
necessary to provide a more refined estimate of the affected soil volumes. 

L. 1.2 EXCAVATION 
Soil, sediment, and gravel exceeding the PRLs would be excavated using conventional earth-moving 
equipment, including backhoes, track or skid loaders, etc. Conventional earth-moving procedures 
would be modified to minimize both the excavation of clean (Le., below the PRLs) materials and the 
generation of fugitive dust. 

During the mobilization stage, air monitoring stations would be established at the perimeter of the 
excavation, as required, to be used in conjunction with other environmental and personnel monitoring 
(Le., surface water monitoring, lapel monitoring, etc.) to determine the potential releases of airborne 
or waterborne contaminants from the excavation site. This monitoring network would be used to 
evaluate the performance of any mitigative measures employed during the excavation process to 
minimize releases to the environment. Before initiating excavation at a given area of the site, a set of 
baseline monitoring data would be collected to serve as a basis for trending analysis. Air and surface 
water samples would be collected and submitted to an on-property laboratory (i.e., existing FEMP 
laboratory or a trailer-based system) for more expedient analysis. 

As part of site preparation and mobilization, required documentation, including task-specific health 
and safety plans, a storm water management plan, and an erosion and sediment control plan, would 
be prepared to support field operations. During the site preparation phase, necessary vertical and 
horizontal controls would be established to support construction-related surveying. Ground surveying 
techniques would serve as the basis for locating required facilities, establishing sampling grids, 
identifying certification sampling coordinates, estimating quantities of excavation and backfill 
material, and supporting the development of as-built drawings. 

As previously discussed, the excavation of contaminated soil, sediment, and gravel must be effectively 
coordinated with remedial actions at each of the operable units. Significant quantities of soil requiring 
excavation are located under or adjacent to existing structures, pipelines, pits, silos, and landfills 
located on the FEMP property. Additionally, certain remedial alternatives would require the 
excavation of soil from off-property locations. A preliminary level of detail on the sequencing of the 
excavation process is provided below. A more thorough examination of the sequencing of remedial 
actions would be conducted following remedy selection, during the remedial design process. 
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B L. 1.2.1 Off-ProDertv Excavation 
Following verification of the vertical and horizontal extent of contamination requiring excavation from 
off-property locations, the FEMP would pursue the establishment of remedial action agreements with 
each of the affected property owners. Similar agreements have been used effectively for other large 
scale DOE cleanup programs. These agreements typically inform the property owners of the type and 
extent of contamination residing on their property and the planned actions to remove the materials. 
The agreement would also document the required actions to be conducted by the DOE to restore their 
properties to its preexisting condition. Copies of such agreements are typically provided to any 
tenants residing on the affected land. DOE has been very successful in obtaining such agreements 
with involved property owners, but the process is complicated by establishing true land ownership or 
contacting nonlocal owners. Where access cannot be acquired following good faith efforts by the 
DOE, the matter would be referred to the U.S. Department of Justice to acquire access pursuant to 
the previously discussed authorities granted to DOE under CERCLA. 

After access is obtained, involved areas would be strategically segmented to provide for an orderly 
performance of remedial activities. Before beginning, any required environmental monitoring stations 
would be established and natural and cultural resources plans would be developed. In general, 
excavations would be initiated at the point farthest from the FEMP and progress toward the FEMP. 
Excavation equipment would be selected based on site conditions. The size of such equipment is 
typically limited by access constraints present at. the property and the desire not to damage adjoining 1 

. structures or improvements. 

Soil would be excavated to the extent necessary to remove contaminants to a condition which is 
statistically less than the cleanup standard (Le., the PRL). Available statistical techniques and hot 
spot criteria would be employed to successfully attain the PRLs while minimizing the need to remove 
trees, shrubs, pavement, pools, etc. Excavated soil would be loaded directly onto dump trucks, 
covered, and transported to the FEMP property. Appropriate controls would be employed, including 
the use of water sprays to minimize the generation of fugitive dust during excavation. The use of 
controls for storm water management is not envisioned as being required for most affected off- 
property areas due to the low average contaminant concentrations. The determination of the specific 
mitigative measures required to facilitate off-property excavations would be determined during 
remedial design. 

L. 1.2.2 On-ProDertv Excavation 
Acquiring access to contaminated soil located underneath or immediately adjacent to processing 
facilities, support buildings, pads, and pavement within the former production area is dependent upon 
the completion of decontamination and dismantlement activities under the Operable Unit 3 interim 
remedial action and final remedial actions. The completion of these remedial activities would be ) 
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completed in an integrated manner over approximately 16 years. Final remedial schedules for 
dismantlement would be established through the Remedial Action Work Plan for Operable Unit 3 and 
are highly dependent on available disposal capacity and funding. 

The FEMP contemplates removal of above-grade facilities, equipment, piping, and tanks within the 
former production area on a segmented basis. After a given segment (i.e., quadrant) is cleared of 
above-grade facilities, leaving cleaned (Le., scabbled, steam washed) foundations, pads, and 
roadways, the area would be released for an integrated excavation process involving the removal of 
surface pavement and foundations in conjunction with below-grade improvements and contaminated 
soil. 

There is a large quantity of gravel on the roadways and beneath the building pads and foundations in 
the production area; a large section north of Second Street is covered with an average of 1.5 feet of 
gravel between the buildings. In most cases this gravel overlays contaminated soil and is itself 
contaminated to levels exceeding the PRLs. Gravel would be excavated along with the soil and 
disposed of in accordance with its radiological contamination. 

The integrated pavement/foundation removal and soil/gravel excavation process would start in the 
northeast sector of the former production area and proceed in a western and southern direction. The 
specific sequence would be established as part of the Operable Unit 3 interim remedial action and 
final remedial design process. Considerations in this final sequencing would include: 1) minimizing 
the potential for storm water run-on to previously excavated and certified areas; 2) maintaining 
needed plant infrastructure, including power, heat, water, storm sewers, and sanitary sewage 
collection and treatment to the extent practical to support the remediation effort; and 3) maintaining 
strategic storage, treatment, and other facilities required to support the remediation effort. 

Following completion of necessary health and safety and radiological protection surveys, 
establishment of radiological control areas and monitoring networks, identification and lockout of 
underground utilities, and flushing of underground lines, the remaining concrete and asphalt pavement 
and building foundations would be scoredhaw cut, as necessary, and broken with a concrete buster. 
Broken concrete would be segregated from underlying soil, to the extent possible, and loaded by a 
backhoe into 40-ton roll-off containers for disposition in accordance with the selected remedy for 
Operable Unit 3. Appropriate mitigative measures, including the use of water sprayers and/or 
foggers, would be implemented during the concrete breaking and loading process to preclude the 
generation of fugitive dust. 

Following removal of the pavement and foundations, soil and gravel excavation would proceed, 
typically using a backhoe. The areal extent of open excavation (Le., area undergoing excavation 
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before certification) would be limited to the extent practical to preclude potential fugitive releases and 
cross contamination. To preclude potential soil contamination migration into adjoining areas, into 
previously cleaned areas, or deeper into the soil column, appropriate control measures would be taken 
during the excavation process, including: 

Positioning backhoes, etc., and receiving trucks or containers on existing paved 
areas, clean haul roads, or temporary plank roads to the extent practical 

Minimizing the use of tracked vehicles in contaminated areas to preclude affected 
soil being forced lower into the soil column 

e Removing the teeth from backhoes, buckets etc., or welding a cover plate over the 
teeth to eliminate contaminated soil being pushed progressively deeper during 
excavation 

Using water sprays, foggers, etc., to preclude fugitive dust emission 

Maintaining adequate storm water controls during excavation, potentially including 
temporary dikes (i.e., pipe beams), to collect run-on water and perched groundwater 
and direct it to tankage or nearby sewer systems, as appropriate. 

Areas which indicate the presence of contaminant concentrations exceeding PRLs would be excavated. 
A typical excavation cross section is presented in Figure L. 1-3. Consistent with the conceptualization 
of the excavation process presented in Figure L. 1-3, approximately 0.5-acre areas are envisioned to 
be undergoing active excavation at any one time. Limiting the areas of active cleanup is necessary to 
minimize the need for the handling of collected storm water. The need to use multiple excavation 
sites would be determined during remedial design and remedial action. 

As indicated in Figure L. 1-3, appropriate storm water control measures would be provided during 
excavation. In areas of deeper excavations exceeding approximately 6 to 8 feet, quantities of perched 
groundwater are expected to enter the excavation. The quantities of groundwater encountered at the 
excavation site are highly dependent on the localized geologic conditions. As previously discussed, 
collected perched groundwater would be pumped from the excavation to tankage or a nearby site 
sewer system, as appropriate. It is envisioned that in areas of perched groundwater exceeding 
maximum concentration levels (MCLs) or proposed MCLs, perched groundwater (including any 
collected storm water) collected in the excavation would be pretreated, transferred to tankage and then 
transported to the advanced wastewater treatment (AWWT) facility for supplemental treatment. 

It is anticipated that soil excavated from perched groundwater zones would have high moisture content 
and would require special consideration for handling. This soil would be excavated and aerated for 
ease of handling. Soil would be spread out over a large area and allowed to dry out before loading in 
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roll-off containers for disposition in accordance with their radiological contamination. Storm water 
runoff and groundwater drained from this soil during aeration would be collected by temporary storm 
water collection berms, transferred to tankage, and transported to the AWWT facility for treatment. 
As indicated in Section 4.1, perched groundwater collected in the vicinity of the fire training area and 
the sewage treatment plant (both facilities are Resource conservation and Recovery Act (RCRA)-listed 
organic waste HWMUs) would be pretreated for listed organic constituents before delivery to the 
AWWT facility. Drinking water MCLs (or 
the RCRA-listed constituents would be used as the action level to designate when pretreatment of 
collected perched groundwater from these two areas is required. The pretreatment step is necessary 
to avoid contaminating other AWWT treatment residuals with RCRA listed constituents. 

concentrations for constituents without MCLs) for 

Underground pipelines encountered during the soil excavation process would be segmented from the 
surrounding soil to the extent possible and cut into manageable sections. The piping would be loaded 
into 40-ton roll-off containers, with the ends wrapped to preclude any releases during transport. 
Filled roll-off containers would be transferred to the appropriate staging area for disposition in 
accordance with the selected remedy for Operable Unit 3. 

Contaminated soil would be segregated to the extent possible based on contaminant concentrations at 
the time of excavation in support of the particular requirements of the selected remedial alternative. 
This segregation process would be conducted through a combination of the results of the verification 
surveys and excavation control surveys. Maintaining sufficient controls during the excavation process 
is key to minimizing the removal of underlying or adjacent clean soil (i.e., less than the PRL), while 
at the same time providing for continuity and efficiency in the excavation process. 

In general, excavation would proceed over the area and depth established by the inclusion and 
verification surveys. Digging would proceed to the planned extent and interim measurements or 
sampling are not anticipated. 

When excavation has proceeded to the expected boundaries, consistent with the PRLs, measurements 
would be taken with hand-held radiological detection instruments. Multiple measurements would be 
taken over each 10-meter grid (100 m2 area). If instrument measurements are clearly elevated and in 
excess of the PRL values, further excavation is indicated. If instrument measurements are adequate to 
monitor PRL levels, the concentrations would be averaged and compared to the PRLs. If any 
individual measurement exceeds three times the PRLs, that area would be further excavated. Where 
elevated activity is less than three times the PRL, results would be assessed to assure that the median 
concentration is less than the PRLs. 
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When instrument measurements lack the requisite sensitivity, four samples 
each 100 m2 grid for screening-level analysis at an on-property laboratory. 

would be collected from 
Analysis would be 

conducted for contaminants such as uranium, that are anticipated to be laterally extensive and are 
conducive to screening-level analysis. The method to evaluate the concentrations would be identical 
to that used for instrument measurements for average and elevated activity. 

For certain contaminants, such as technetium-99 and radium-226, it may not be possible to achieve 
the analytical sensitivity in the screening lab that is required to meet the PRLs at the lowest risk levels 
for the most sensitive land uses. The relative concentrations among the contaminants may obviate this 
problem; uranium isotopes predominate and analytical sensitivities are adequate to meet the most 
restrictive PRLA for uranium-238 and uranium-234. 

Delays would be incurred to the excavation process for receipt of analytical results. The area would 
not be backfilled, but adequate controls and mitigation would enssure that any remaining 
contamination would not become airborne and that potential surface water transport would be 
controlled. 

Soil suspected of containing RCRA hazardous waste constituents above waste acceptance criteria for 
the RCRA COCs (for on-site alternatives), above (TCLP) limits (for off-site alternatives), or 
originating directly below acontaining HWMU listed was'te (for off-site alternatives) would be 
segregated and containerized into separate roll-off containers and transferred to the central storage 
facility or another existing facility appropriate for the storage of land disposal restricted (LDR) 
materials. Additionally, soil containing significant concentrations of benzene, toluene, ethyl benzene, 
and xylene generated during underground storage tank removal would be segregated during. the 
excavation process. The pretreatment of these segregated soil volumes is discussed later in this 
component description. A full discussion of the LDR compliance strategy for Operable-Unit.5 
materials can be found in Section 4.0. 

While efforts would be made during excavation to minimize the removal of trees, shrubs, and other 
vegetation, quantities of these organic materials would be removed to gain access to contaminated soil 
or to attain PRLs. Trees and shrubs requiring excavation within contaminated areas would be cut off 
at the ground level, with the above-grade portion surveyed and released from the site for use as 
firewood, composting, or landfilling. Trees, shrubs, vegetation, and root systems which cannot be 
released as clean would be segregated during excavation. 

Contaminated organic materials (i.e., roots, stumps, etc. ,) would be shredded, composted, mixed with 
soil and placed in the on-property disposal cell or consolidation area. Catalysts may be used to 
accelerate the composting process. However, care would be taken in the selection of the composting 
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catalysts to preclude the possibility of exceeding waste acceptance criteria (WACS) for the disposal 
ceWconsolidation area. A test pad would be constructed to study the composting process as well as to 
establish the soil-to-compost ratio for placement in the on-property disposal cell or consolidation area. 

Any soil underlying or adjacent to Operable Units 1, 2, and 4 waste facilities requiring removal as 
part of the selected alternative for Operable Unit 5 and the respective source operable unit would be 
excavated in conjunction with the implementation of the remedy for the individual waste unit. 
Modeling projections of the extent of contamination underlying these facilities suggest that quantities 
of soil would require excavation to attain PRLs for certain Operable Unit 5 alternatives. Additionally, 
surface and subsurface soil sampling completed as part of the Operable Unit 5 RI to support the 
Operable Unit 4 RI/FS indicates that soil comprising the berm and underlying the silos would require 
excavation to attain site-wide soil PRLs. Soil within the K-65 silo berms and underlying the pits and 
silos that exceed the PRLs would be excavated, as necessary, during the implementation of any 
selected remedy for Operable Units 1 and 4 which involves source removal. Removed soil would be 
segregated, as necessary, to support the selected Operable Unit 5 remedy and placed into roll-off 
containers. 

. 

In the former production area, soil exceeding PRLs and requiring excavation may reside underneath 
clean soil. Under these circumstances, the clean soil would be removed and stockpiled in the vicinity 
of the excavation to gain access to the underlying contaminated material. Stockpiled materials would 
not be returned to the excavation as backfill until after completion of the certification process. 

L. 1.3 TRANSPORTATION 
Loaded trucks or roll-off containers would be covered with tarps and transported to their on-property 
destination. This destination is dependent on the selected remedial alternative and is discussed in 
other components. Roll-off containers would be picked up by roll-off container trucks. Spare 
containers would be positioned at the excavation site to minimize cycle time delays. 

Loaded trucks would be radiologically screened, as required, before exiting the controlled area 
encompassing the excavation site. Trucks exceeding allowable release limits would be directed to a 
wheel wash station. As previously discussed, containers and trucks would remain off the 
contaminated soil to the extent practical to preclude the need for cycle time delays due to wheel 
washing. Truck cycle times are anticipated to be from 60 to 75 minutes dependent on the need for 
radiological screening and wheel washing. This process would continue for one eight-hour shift per 
day for five days per week. For the purposes of this study, the excavation cost estimates are based 
upon four trucks being filled per hour per excavation site, or 160 tons per hour. Higher excavation 
and material movement rates can be easily accommodated through the addition of equipment, if areas 
cleared of buildings and/or treatment/disposal capacity become available. 
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L. 1.4 CERTIFICATION OF EXCAVATED AREA 
Following completion of excavation operations, including any required hot spot removal, final 
certification would be conducted to demonstrate attainment of the final cleanup levels. Final 
certification sampling would be conducted to indicate with reasonable confidence that the area's 
average contaminant concentrations are statistically above the cleanup standards established in the 
ROD. The final certification sampling would be conducted using a statistical basis consistent with the 
EPA technical memorandum entitled "Methods for Evaluating the Attainment of Cleanup Standards. " 
The final certification approach adopted for use at the FEMP would be established in the Operable 
Unit 5 Remedial Action Work Plan, consistent with the Amended Consent Agreement. To establish a 
basis for alternative cost analysis in the FS, a certification methodology was adopted. 

Consistent with the referenced EPA guidance document, a systematic certification sampling approach 
was adopted. Excavated areas would be gridded to 100 m2 areas. Four randomly determined survey 
locations would, be established within each ten-meter by ten-meter grid. Measurements would be 
made and samples collected at each survey location. The RI data show that the principal 
contaminants are uranium isotopes; Unless otherwise indicated, 90 percent of the certification 
samples would be analyzed for uranium isotopes and 10 percent for the full list of contaminants. A 
percentage of samples are assumed to be split for comparative analyses by the EPA and Ohio EPA 
(OEPA). 

To determine whether a discrete 100 m2 area attains cleanup levels, a statistical comparison of the 
one-sided upper confidence interval on the mean of the data collected from each grid with the cleanup 
levels for uranium (and for larger surface areas for other COCs) would be performed. Other 
considerations in this statistical process are provided in the referenced EPA guidance document, 
Chapter 6 ,  "Determining Whether the Mean Concentration of the Site is Less than a Cleanup 
Standard." If a value is reported by the analytical laboratory to be less than the detection limit, the 
value included in the analysis would be assumed to be the detection limit. Areas where individual 
sample contaminant concentrations exceed three times the PRLs would be considered for further 
evaluation to determine if the sample represents a "hot spot" to be excavated or is indicative of a 
larger area of contamination which would need to be reevaluated. 

Following consensus that the cleanup levels had been attained over a sufficiently large parcel of land, 
backfill operations would commence. Further discussions on this activity can be found in the 
description of the backfill component. 

2 

3 

4 

5 

6 

7 

a 

9 

10 

I I  

12 

13 

14 

15 

16 

17 

1 
19 

20 

? I  

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

FER\CRUS\APXS\APP-L\SEC-Ll\November13. 1994 159pm L-1-20 



FEMP-OSFS-4 DRAFT 
November 14, 1994 

L. 1.5 TREATMENT OF SOIL AND WATER CONTAINING HAZARDOUS WASTE, 

Relatively small volumes (less than 30,000 cubic yards) of in situ soil containing hazardous wastes, 
petroleum, and polychlorinated biphenyls (PCBs) are present at the FEMP in concentrations exceeding 
WACs for on- or off-site disposal. On the basis of available site characterization data, it is 
anticipated that all soil containing these contaminants will also contain above-PRL concentrations of 
uranium. Because of the relativeIy small volume of soil involved pre-treatment would be 
accomplished with mobile, vendor-supplied treatment units before final soil disposition. At a 
minimum, soil would be treated to reduce hazardous waste contaminant concentrations to levels below 
WACs (for on-site alternatives) or LDR treatment standards (for off-site alternatives). Section 4.1 
provides the details of the LDR compliance strategy adopted for the Operable Unit 5 FS. 

PETROLEUM. AND POLYCHLORINATED BIPHENYL CONTAMINATION D 

Two technologies have been chosen for treatment of this soil, low temperature thermal desorption and 
soil stabilization; both were listed as treatment technologies in the proposed rule for treatment of soil 
containing RCRA hazardous waste (58 FR 48153). Thermal desorption was chosen based upon 
treatment information available on the EPA’s Vendor Information System for Innovative Treatment 
Technologies (VISITT) database. Figure L. 1-4 presents the logic flow diagram for the disposition of 
soil containing nonradioactive contaminants. 

Soil containing organic contaminants (e.g., petroleum, PCBs, and volatile and semivolatile organic 
compounds) would be treated using low temperature thermal desorption. A flow diagram for this 
process is provided as Figure L.1-5. During treatment, contaminated soil is fed into a rotary kiln to 
volatilize organic contaminants. The kiln can be directly or indirectly heated to about 800 degrees F. 
Indirect heating produces a lower volume of exhaust gas than direct heating, which results in a lower 
loading for the exhaust-gas treatment and air pollution control systems. This also aids in the control 
of particulate carryover. Kilndirect heating uses either a burner exhausting directly into the kiln or 
hot air produced by an external direct-fired heat exchanger. 

B 

The organic contaminants would be volatilized and driven off the soil, along with vaporized water, as 
an off-gas. Exhaust gases from the rotating kiln pass through to secondary combustion, where the 
off-gas is incinerated to thermally destruct organic compounds. Remaining volatilized compounds in 
the off-gas can be removed by scrubbing, reheating and high effficiency particulate air (HEPA) 
filtration before discharge. As organic concentrations and the heating temperature are low, no 
combustion of the organics is anticipated in the kiln. However, a standby nitrogen system would be 
installed as a safety precaution to blanket the chamber in the unlikely event of a fire or high 
temperature. 
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After thermal desorption (if required), soil containing inorganic contaminants would be treated by 
cement stabilization. A flow diagram for this process is presented in Figure L.l-6. This process will 
convert soil into a matrix that prevents contaminants from leaching. The process involves mixing the 
soil with cement, flyash, silicates or other additives, and water. The mixture then goes through a 
curing process. Stabilization processes increase the volume of treated material; however, they leave 
no waste residues. Cement stabilization may also be used to treat soil containing organic 
contaminants. The combination of admixtures, as well as the feasibility of stabilizing soil containing 
organic contaminants, would be examined further during treatability testing. Stabilized soil would be 
dispositioned for disposal as no further treatment for radioactive contaminants would be required. 

In general, treated soil would be dispositioned consistent with the approved method for uranium- 
contaminated soil identified through the selected remedial alternative. For alternatives involving the 
application of an on-property consolidation area or an engineered disposal cell, the treated soil would 
be placed in these systems. For alternatives considering off-site disposal as a primary component of 
the remedy, soil containing listed waste resulting from excavation operations adjacent to HWMUs 
would be dispositioned off-site as mixed wastes following treatment. 

Water collected in the excavation suspected of containing listed hazardous wastes (i.e, from contact 
with contaminated soil or impacted groundwater) would be segregated for treatment. This situation is 
anticipated to remove only listed organic constituents. The affected water would be treated using 
activated carbon filters available at the AWWT. 

The FEMP is pursuing compliance with the terms of the Federal Facilities Compliance Act regarding 
the development of treatment capabilities to address inventoried LDR mixed wastes. A Site 
Treatment Plan is scheduled to be submitted to EPA and OEPA in the spring of 1995 proposing a 
plan and schedule for developing the necessary treatment capacities to address. these currently 
inventoried wastes. The proposed treatment systems developed pursuant to this federal regulation 
could potentially be used to address the projected type and quantities of soil containing both organic 
and inorganic hazardous waste constituents generated consequential to remedial actions. In the event 
such systems are available at the FEMP, these systems would be used preferentially to meet WACS in 
lieu of procuring new or vendor-supplied capabilities. 
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L.2.0 SOIL WASHING I D 
This component utilizes a combination of physical separation and chemical extraction techniques to 
separate uranium (the major contaminant of concern) from contaminated soil and sediment. Once 
processed, the resultant clean soil is consolidated or backfilled, consistent with the selected remedial 
alternative. Consolidated and backfilled soils would then be covered by an earthen cover. WACs 
have been developed for soil treated through soil washing and subsequently covered by an earthen 
cover. The WACs provide for protection of the Great Miami Aquifer because the earthen cover is 
not assumed to reduce the infiltration rate over that of native soil. In addition, consolidation and 
backfill under .an earthen cover would preclude the potential for direct contact, incidental 
ingestiordinhalation, or direct radiation exposure to any residual contamination remaining on the 
washed soil. 
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The soil washing component would include seven buildings, associated concrete pad areas, an external 12 

13 clean soil stockpile, and associated pavements. The component buildings include: 

An.incoming storage facility for contaminated soil 
A soil washing facility 
A services and utilities building 
Two filter cake buildings 
A maintenance building and spare parts storage 
Two wheel washing/radiological screening facilities. 
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The proposed site is located south of the AWWT facility and west of the existing storm water 
retention basin (SWRB) in the southwest quadrant of the FEMP site. Past site history indicates that 
the area was not previously used during production or for waste disposal. Site environmental 
monitoring samples indicate the area is relatively free of subsurface contaminants. 
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The proposed site was selected because the soil washing project utilities would be connected to the 24 
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. 28 

AWWT facility utilities. Tapping into these utilities would minimize costs. Included in the utility 

washing facility. The soil washing process would use the treated effluent from the AWWT facilities 
connections would be process water and wastewater lines between the AWWT facilities and the soil 

as process make-up water and return the soil washing wastewater to the AWWT for treatment. 

Once all soil washing operations have been completed, the process facilities and equipment would be 29 

decontaminated and demolished. 30 
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L.2.1 DESIGN CONSIDERATIONS 
The conceptual design of the representative soil washing process selected to support the detailed 
analysis of alternatives incorporates both carbonate leaching and sulfuric acid leaching for uranium 
removal. The following considerations were incorporated in the conceptual design: 

Consistently attain performance-based WACS for consolidation and backfill with an 
earthen cover by reducing the mass of uranium in contaminated soil and achieving 
mobility reduction for residual contamination on washed soil. 

Use physical separation techniques to the maximum extent practical to reduce the overall 
volume of material requiring chemical treatment. 

Provide for continuous carbonate leach process operations at a rate of 20 tons of 
contaminated soil per hour. 

Provide for continuous sulfuric acid leach process operations at a rate of 1.7 tons of 
contaminated soil per hour. 

Enhance the chemical leaching process through attrition scrubbing. 

Maximize the use of recycled process water. 

Provide for product inspection and quality assurance to ensure that performance 
requirements have been attained before disposal. 

Use engineered dust collection systems to minimize radioactive airborne particulate 
material within materials handling facilities. 

Upon consideration of the above design requirements and of the results of the actual bench-scale and 
pilot-scale operations, the soil washing flow diagram depicted in Figure L.2-1 was developed as the 
representative design basis for the detailed analysis of alternatives. 

L.2.2 PROCESS DESIGN 
The following unit operations are involved in soil washing: ' 

Incoming material handling 
Washing, screening, flocculation and thickening 

0 Carbonate leaching and filtration 
Sodium hydroxide precipitation 

0 Sulfuric acid leaching and filtration 
Calcium hydroxide precipitation 

0 Reagent receipt and handling 
Waste handling 
Clean soil handling 
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The following sections provide detailed descriptions of the soil washing unit operations. 

L.2.2.1 Incoming Material Handling 
Figure L.2-2 provides a process flow diagram and a major equipment list for the incoming material 
handling operation. An incoming soil storage facility would provide storage for contaminated soil 
before treatment. The incoming soil storage facility would be divided into active and backup storage. 
The active storage would provide feed soil for soil washing operations. The backup storage (up to 
3500 tons) would store excess soil over and above the daily process requirements and would be used 
to supply material to the soil washing facility during weekend operations. Excavated soil would be 
dumped from 40-ton roll-off containers to the backup storage pile. A track loader would move soil 
from backup to active storage. A hydraulic excavator would transfer soil from the active stockpile to 
the feeding hopper of a vibrating grizzly. Any contaminated soil size over six inches would be 
screened off into a container which would be transferred to a storage area for subsequent radiological 
monitoring and disposition. The undersize (less than six inches) material from the vibrating grizzly 
would be conveyed to a 50-ton capacity soil silo. A dust collection system would be integral to the 
soil silo to minimize escape of radioactive airborne particulate matter into the facility. The silo 
discharge apron feeder would direct the soil onto a 24-inch-wide belt conveyor for transfer to a 
vibrating grizzly in the soil washing facility. The incoming soil storage facility would be covered and 
equipped with stormwater control at its perimeter. It will also be equipped with a leachate collection 
system. 

L.2.2.2 Washinp, Screening. Flocculation. and Thickening 
Figure L.2-3 provides a process flow design and a major equipment list for the washing, screening, 
flocculation and thickening operations. 

Washing and screening is performed on the soil to loosen and remove any surface contamination that 
may be present. This process is adequate for decontaminating the soil particles greater than 4 mesh 
(0.157 inch) which have contaminants physically bound to them. The soil particles less than 
0.157 inch have contaminants chemically bound to them, making water washing ineffective. 

Soil is prescreened through a six-inch grizzly during the incoming material handling operation. Soil 
from the incoming soil storage facility is then fed by a feed conveyor to a vibrating bar grizzly with a 
3-inch opening. The oversize (greater than three-inch) material from the vibrating grizzly is 
transferred to the secondary drum washer where it is water washed. The undersize (less than 3-inch) 
material from the vibrating bar grizzly is sent to the primary drum washer, which contains a M-inch 
trommel screen at its outlet, and water washed. The greater than %-inch material from the primary 
drum washer is sent to the secondary drum washer. The less than M-inch material from the primary 
drum washer is sent to a vibrating double-deck screen for additional wet screening. This vibrating 
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double-deck screen has a 0.157-inch lower screen and a M-inch protective top screen. The greater 
than 0.157-inch material from the double-deck screen is transferred to the secondary drum washer, 
which contains a 0.157-inch trommel screen at its outlet, for a final water rinse. The greater than 
0.157-inch water washed material is returned to the site as clean backfill after verification, and the 
less than 0.157-inch water washed material is sent to the primary thickener. 
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5 

The less than 0.157-inch material from the double-deck screen is also sent to the primary thickener 6 

7 

8 

9 

where flocculent is added to aid in the settling process. The thickener overflow is sent to a sump 
from where the overflow is pumped to the first wastewater hold tank. 
(55 percent solids) is pumped to the leaching process. 

The thickener underflow 

L.2.2.3 Carbonate Leaching and Filtration 
Figure L.2-4 provides a process flow design and a major equipment list for the carbonate leaching 
and filtration operations. As stated previously, the less than 0.157-inch materials have contaminants 
chemically bound to them, and therefore require a more aggressive treatment. In this operation, a 
carbonatehicarbonate leaching solution is used to extract the contaminants from the soil into the leach 
solution. In conjunction with leaching, attrition scrubbing is incorporated to aid in the contaminant 
extraction process. Attrition scrubbing is a process in which the soil particles are caused to violently 
collide with themselves. This interaction abrades each soil particle and separates the smaller uranium 
particles from the larger clean soil particles. The 55 percent solids underflow from the primary 
thickener is received in the first in a series of three agitated reactor scrubbers. These reactor 
scrubbers act as combination attrition scrubbers/leach tanks. The reagents carbonate/bicarbonate and 
potassium permanganate are added to the first reactor scrubber along with the 55 percent soil slurry. 
Enough recycle carbonate solution is added to drop the solids concentration down to 35 percent. This 
process is designed to take place at a temperature of 40°C; therefore, steam is added to each of the 
reactor scrubbers to raise and maintain the temperature of the scrubbing/leaching solution. The 
reactor scrubbers have a total residence'time of 1.25 hours, which allows ample time for all reactions 
to occur. 

I) 

After leaving the reactor scrubbers, the soil slurry is pumped to the leach thickener where flocculent 
is added to aid in the settling process. The overflow from the leach thickener is sent to a sump from 
which the overflow is pumped to the precipitation process. The leach thickener underflow 
(55 percent solids) is pumped to the leach belt filter holding tank, which feeds the leach belt filter. 
The filter cake is washed with process water before discharge and is then discharged at approximately 

75 percent solids. This cake is containerized and monitored for contamination. Filter cake with 
contaminant concentrations at or below the WAC may be conditioned with sand, if necessary, to 
increase the solids content for material handling purposes and backfilled or consolidated with an 
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earthen cover. Filter cake with contaminant concentrations exceeding the WACS for backfill or 
consolidation would be transported to the sulfuric acid leaching operation (a maximum rate of 1.7 dry 
tons per hour, which represents 10 percent of the initial dry soil feed rate to carbonate leaching, was 
chosen to minimize the sulfate ion concentration in the effluent) for further treatment. Any remaining 
contaminated soil above and beyond 1.7 dry tons per hour would be stabilized, containerized, and 
shipped off site for disposal. 

The filtrate from the belt filter is collected in three separate zones. Filtrate from the first zone near 
the beginning of the belt filter would be concentrated with the contaminants removed from the soil. 
Therefore, it would be pumped to the precipitation operation. Filtrate from the second zone is 
recycled back to the belt filter to aid in washing the filter cake. Filtrate from the last zone is 
comprised mainly of the process water used to wash the filter cake and a small level of contaminants. 
This filtrate is sent to the second wastewater hold tank. 

L.2.2.4 Sodium Hvdroxide PreciDitation 
The carbonate leaching operation extracted contaminants from the soil into the leaching solution. The 
precipitation step, in turn, removes the contaminants from the leaching solution by making the 
contaminants insoluble, resulting in the contaminants dropping out of solution as solids. Figure L.2-5 
provides a process flow diagram and a major equipment list for the sodium hydroxide precipitation 
operation. 

The overflow from the leach thickener and the filtrate from the first zone of the leach belt filter are 
received in the first in a series of two precipitation tanks along with the precipitation reagent sodium 
hydroxide. The precipitation tanks have a total residence time of 4.5 hours, which allows ample time 
for all reactions to occur. 

After leaving the precipitation tanks, the soil slurry is pumped to the precipitate thickener where 
flocculants are added to aid in the settling process. The overflow from the precipitate thickener is 
sent to a sump from where the overflow is pumped to the second wastewater holding tank. The 
precipitate thickener underflow (35 percent solids) is pumped to the precipitate belt filter holding 
tank, which feeds the precipitate belt filter. The filter cake is washed with process water before 
discharge and is then discharged at a 70 percent solids level. This cake is essentially the concentrated 
uranium fraction. Therefore, it is stabilized, containerized, and shipped off site for disposal. The 
filtrate from the precipitate belt filter is pumped to the second wastewater holding tank. 

A portion of the effluent from the second wastewater hold tank is sent to a regeneration tank where 
carbon dioxide is introduced to react with the remaining sodium hydroxide, producing sodium 
carbonate. This regenerated sodium carbonate solution is recycled to the leaching process. The 
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remaining portion of the effluent from the second wastewater holding tank is filtered, then sent to the 
AWWT facility for further treatment. The collected quantities in the first wastewater holding tank are 
pumped through multimedia filters to remove particulate matter. The effluent from the multi-media 
.filters is transferred to the recycle water storage tank. 
This water is recycled to the primary drumwasher, the double-deck screen, the leach belt filter, and 
material handling for slurrying any filter cake going to sulfuric acid leaching. Any required makeup 
water to the recycle water tank is provided by process water. If necessary, a portion of the recycle 
water can be bled to the AWWT facility. 

D 

L.2.2.5 Sulfuric Acid Leaching and Filtration 
The objective of sulfuric acid leaching is to reduce the uranium concentration in the off-specification 
soil exiting the carbonate leaching system to the level defined by the WAC. Figure L.2-6 provides a 
process flow diagram and a major equipment list for the sulfuric acid leaching and filtration 
operation. Carbonate leaching filter cake with contaminant concentrations exceeding the WAC would 
be reslurried with water to obtain a 60 percent solids slurry, then pumped to the sulfuric acid leaching 
operation for further treatment at a maximum rate of 1.7 tons per hour (based on dry solids). The 
feed slurry is discharged into the first of three sulfuric acid reactor scrubbers. Additional water is 
added to the first scrubber to produce a slurry with a 35 percent solids content. The leaching reagent 
(98 percent sulfuric acid) is then added to the reactor scrubber to establish a 1.5 to 2.0 Normal (N) 
concentration in the solution, and is controlled to maintain a free acid concentration of 6.5 grams per 
liter in the leach discharge stream, after all the required leaching activity is complete. The sulfuric 
acid leach circuit is designed to provide a leaching time of one hour, and saturated steam is directly 
injected into the leach tanks to maintain a leaching temperature of 40°C. Just as in the carbonate 
leaching operation, attrition scrubbing is also incorporated in the sulfuric acid leaching operation to 
liberate locked-in uranium particles from the larger soil particles, making them more accessible for 
leaching. 

B 

Leached soil slurry is pumped to a thickener where flocculent is added to aid in the settling process. 
The overflow from the leach thickener is ultimately sent to calcium hydroxide precipitation, and the 
leach thickener underflow (at 55 percent solids) is sent to a vacuum belt filter for solids/liquid 
separation. The cake from the belt filter is washed with clean process water in a countercurrent 
fashion, then conveyed to sampling/monitoring at a 75 percent solids content. Filter cake that is at or 
below the PRLs may be conditioned with sand, if necessary, for material handling purposes and 
returned to the site as backfill. Filter cake that exceed's the PRLs is stabilized, containerized, and 
shipped off site for disposal. 
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The filtrate from the vacuum belt filter is collected in three separate zones (typical). 
the first zone is highly concentrated with the contaminants removed from the soil; therefore, it is sent 

recycled back to the filter to aid in cake washing. 

The filtrate from 34 
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to the calcium hydroxide precipitation operation. The filtrates from the second and third zones are B 
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L.2.2.6 Calcium Hvdroxide PreciDitation 
The total feed to the calcium hydroxide precipitation operation is comprised of the sulfuric acid leach 
thickener overflow and the concentrated contaminant filtrate from the sulfuric acid leach vacuum belt 
filter. The objective of the calcium hydroxide precipitation operation is to remove dissolved 
contaminants from the leaching solution as insoluble solid particles, then separate these insoluble 
solids from solution for disposal. Figure L.2-7 provides a process flow diagram and a major 
equipment list for the calcium hydroxide precipitation operation. The feed is received in the first in a 
series of three precipitation tanks. The precipitation reagent, calcium hydroxide, is added to the first 
precipitation tank. The precipitation circuit is designed for retention time of two hours. The slurry 
discharged from the precipitation process is pumped to the precipitation thickener, where flocculants 
are added to aid in the settling process. The precipitation thickener overflow and required flocculants 
are fed to a reactor clarifier, where the turbidity of the influent is reduced to less than 50 parts per 
million (ppm). The clarifier overflow is ultimately sent to the AWWT facility for treatment after 
filtration, while the clarifier underflow (20 percent solids) and the precipitate thickener underflow 
(25 percent solids) are fed to the precipitate vacuum belt filter for solids/liquid separation. 

The filter cake is washed in a countercurrent fashion with process water, and the final filter cake is 
discharged at a solids content of approximately 50 percent. This cake is then stabilized, 
containerized, and shipped off site for disposal. 

The filtrate collected from the first zone of the vacuum belt filter is ultimately sent to the AWWT 
facility for treatment after filtration. The filtrate collected from the second and third zones is recycled 
back to the filter to aid in cake washing. 

L.2.2.7 Reagent ReceiDt and Handling 
The sodium bicarbonate, sodium carbonate, calcium hydroxide, caustic soda, sulfuric acid, and 
potassium permanganate reagents are supplied to the soil washing facility via tank trucks. Figure 
L.2-8 provides a process flow diagram and a major equipment list for the reagent receipt and 
handling operations. Sodium bicarbonate, sodium carbonate, calcium hydroxide, and potassium 
permanganate are brought in as dry materials and unloaded to their respective storage silos. From 
their storage silos, sodium bicarbonate, sodium carbonate, and calcium hydroxide are pneumatically 
conveyed to their respective day bins, from which they are conveyed to the process at predetermined 
rates. The potassium permanganate is metered by conveyor from the storage silo to a makeup tank, 
where a potassium permanganate solution is made, then pumped to a day tank. 

Caustic soda is supplied to the soil washing facility as liquid in the form of 50 percent sodium 
hydroxide solution. The caustic soda is pumped from the tank truck to the caustic soda storage tank. 
From the storage tank, caustic soda is transferred to a day tank, from which the process is supplied. 
Sulfuric acid is supplied to the soil washing facility as liquid in the form of 98 percent sulfuric acid 
solution. From the storage tank, sulfuric acid is transferred to a day tank where the acid is added to 
water for dilution if required. Sulfuric acid is supplied to the process from the day tank. The staging 

4 

5 

6 

7 

8 

9 

10 

II 

12 

13 

14 

15 

16 

17 

18 - 

19 

7-0 

21 

22 

23 

24 

25 

26 

21 

28 

29 

30 

31 

32 

33 

34 

35 

36 

31 

FER\CRUS\APXS\APP-L\SEC-U\Novcmber 13,1994 I 59pm L-2- 13 



711 e MAJOR E.3UIPMENT LIST - I 0 1 Y  I IoJP-€*I 

w 
lr 

I I I I I I .  I 
~~ I 

FIGURE L.2-7. PROCESS FLOW DIAGRAM 
CALCIUM HYDROXIDE PRECIPITATION I 



6 3 4 9  
J 

r c 
c I I I YLIILM -1L SILO 

I 
(h 

P r 

F 
I I I I I I I I I I I I 1 I 

FIGURE L.2-8. PROCESS FLOW DIAGRAM REAGENT 
:RECEIPT AND HANDLIN 

L-2- 15 

I 



6349 
FEMP-OSFS-4 DRAFT 

November 14, 1994 

areas for off-loading liquid reagents from tanker trucks will be diked with sumps to control accidental 
releases. B 
L.2.2.8 Clean Soil and Waste Handling 
Figures L.2-9 and L.2-10 provide process flow diagram and major equipment lists for 
cledcontaminated soil storage and packaging. These operations would receive material (filter cake) 
from the carbonate leach and precipitate filters, and the sulfuric acid leach and precipitate filters. The 
cake from these operations would be continuously loaded into B-25 boxes and/or sealand containers 
by the use of diverter gate assemblies and skid conveyors, wherein the containers being loaded are 
placed on roller skids and indexed periodically so the containers can be filled to their maximum 
capacity. 

The cake from the carbonate leach filter (assumed as clean) would be packaged directly into B-25 
boxes and/or sealand containers. These containers would be randomly sampled (approximately one in 
lo), and the samples sent to a testing lab to determine if the contents meet the established WACs. 
Containers would be staged on a concrete pad next to the packaging facility pending sampling results. 
After receipt of sampling results, containers whose contents meet the WACS would be retrieved from 
the staging pad by forklifts and directed to the "clean" storage area. The contents of the clean 
containers may be mixed with conditioning additives such as dry sand, topsoil, etc., if necessary, to 
increase the solids content so that the resulting mixture can be handled easily by conventional earth 
moving equipment. A conditioning and loading station would be provided to load the conditioned soil 
directly into trucks for consolidation or backfill. 

B 
However, the containers whose contents do not meet the PRLs would be directed to the contaminated 
soil storage pad before their transportation to one of two disposition scenarios: sulfuric acid leaching 
or stabilization. A portion of the contaminated soil is reslurried with water to form a 60 percent 
solids slurry and fed to the sulfuric acid leaching system. The sulfuric acid leaching system is 
designed to treat 1.7 dry tons per hour of soil; therefore, only the amount of contaminated soil 
required to meet this rate would be slurried. Any remaining contaminated soil over and above the 
1.7 dry tons per hour would be stabilized, containerized, and shipped off site for disposal. 

The cake from the sulfuric acid leach filter would be containerized and randomly sampled to 
determine whether the WACs are being met. Cake that meets the PRLs would be conditioned with 
sand, if necessary, and transported for consolidation or backfill. Cake that does not meet the WACS 
would be stabilized, containerized, and shipped off site for disposal. 

The knowingly contaminated material (filter cake from the carbonate precipitation filter and sulfuric 
acid precipitation filter) would be stabilized, containerized, and shipped off site for disposal. 

All containers would be lidded, monitored, and swiped for contamination on their outside surface. If 
required, the outside surface of the containers would be decontaminated. Containers would be 

D 

i 

2 

I I  

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

21 

32 

33 

34 

35 

FER\CRUS\APXS\APP-L\SEC-U\November 13.1994 I59pm L-2-16 



-- 

, 

EI B N o i  I 
I 
I lzzlls-:j] 
I I 
I . "  

'(h I I 
I I 

STABILIZATIW U 
I a 

PFO-q 
I I 

n €I- / FROM SOIL UAW 

> 

FaClLllT 
I 

I O  

1 I 

1 
I I ! . '  

I 

I 

PFO-2 ++pJ M A J O R  EOUIPNENT LIST 
m I 011 I C e J I ~ l  M 

A ? LMIIVGWVRII 

I 

I 
I 

I 

,h,, PILE\ 
L ' I  

I 

..I 

PFO-9 > 

FIGURE L.2-9. PROCESS FLOW DIAGRAM 
CLEANXONTAMINATED SOIL STORAGE 

T 1 7  



-=% 
I 

In1 I I 

I 

- - - 1  1- -.-..-.---- - I- 
I . I  

El: E l  I I 

. -- .-------.---.-- 
I 

I 

I 

I 16- 
I 

D T c J !  I 
, 

FIGURE L.2-10. PFD-9 CLEAN/CONTAMINATED 
SOIL PACKAGING 

L-2- 1 8 081180 



6349 
FEMP-OSFS4 DRAFT 

November 14, 1994 

weighed while being filled. A manifest would be applied to each container to identify its contents and 
to track it to its subsequent treatment/storage/disposal site. 

Forklifts would be used to handle and move containers during most of the above operations. Separate 
forklifts would be used in the clean and contaminated areas to preclude cross contamination of areas. 

The B-25 boxes and sealand containers would be loaded onto a flatbed truck and transported to a 
treatment facility. Containers would be unloaded, washed, decontaminated, and returned to the 
flatbed truck for transportation back to the interim storage pad. Forklifts would be used for loading 
and off-loading of flatbed trucks. 

In addition to waste soil, soil washing would also produce process wastewater. Process wastewater 
would be recycled back to the soil washing process to the greatest extent possible. The wastewater 
that cannot be recycled would be transferred to the AWWT facility for treatment. 

Soil washing with sulfuric acid would also produce some waste sludge that requires further treatment. 
This sludge would be stabilized, containerized, and shipped off site for disposal.. 

L.2.3 MONITORING. MAINTENANCE. AND INSTITUTIONAL REQUIREMENTS 
The soil washing facilities would be decontaminated and demolished once the processing of the soil 
was completed. Accordingly, no long-term monitoring, maintenance, or institutional controls would 
be applicable following the cessation of operations. During operations, air monitoring would be 
required to ensure that the engineered controls for material handling before, during, and after the 
treatment processes were functioning as designed. Operational maintenance of process equipment and 
facilities would be performed as required. The performance of the system would be monitored to 
ensure that WACS were continually achieved. Additional enhancements or reworking of the treated 
soil might be needed, so provisions would be made during detailed design to perform further bench- 
scale and pilot-scale treatability testing to optimize performance. The following sections discuss air 
emissions control and system performance considerations. 

L.2.3.1 Air Emissions 
Through the entire soil washing operation source emissions, including airborne chemicals, 
particulates, and gases (if any), would be controlled to meet regulatory requirements. 

Open transfer of soil (i.e., soil dumping stations, conveyors, etc. ,) would be provided with either 
ventilation equipment or dust suppression equipment. In addition, a ventilation system would be 
provided as part of the enclosed process building. 

All process tanks storing or handling contaminated soil would be enclosed and vented, with the vents 
routed to a scrubber to remove particulates, fumes, and gases before release to the environment. The 
sulfuric acid reactor scrubbers (also enclosed and vented) contain sulfuric acid greatly diluted by 
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water and other reagents. Therefore, release of sulfuric acid vapors is not anticipated. Compliance 
with the National Emissions Standards for Hazardous Air Pollutants would be addressed after further 
test results verify what (if any) emissions are produced during the soil washing process. 

The dry reagent storage silos would be equipped with bin vent filters for dust collection, thereby 
eliminating dust releases from these sources. 

L.Z.3.2 Svstem Performance Considerations 
Ultimately, the performance of the soil washing system would be determined by its ability to reduce 
the mass and mobility of the contaminants to levels that meet established WACs. If the treated soil 
does not meet established WACs, it may be necessary to rework it. The quantity of soil reworking 
would correspondingly impact the processing rate of excavated contaminated soil. Additional bench- 
scale and pilot-scale treatability testing would be performed before design of the soil washing system 
to establish the system performance requirements. 

Some FEMP soil contaminants may exhibit high leachability before or after treatment. As a result, it 

may be necessary to bind up the contaminants through an additional process operation to meet WACs. 
The addition of phosphate to reduce contaminant mobility is currently being studied. If the selected 
remedial alternative includes soil washing, further bench-scale testing would be performed to ensure 
that phosphate addition provides the desired results. 

It is envisioned that additional process steps to accommodate above requirements would include 
conditioning with diluted phosphoric acid to stabilize residual uranium in the treated soil. This 
operation may be performed in an agitated conditioning tank. It  is likely that this equipment would 
be placed ahead of the solid/liquid separation (filtration) step for the treated soil slurry. Conditioning 
would be accomplished (pending testing verification) by adding phosphoric acid to the slurry in order 
to lower the pH from 10 to 5 .  Diluted phosphoric acid would be supplied by a day tank and metered 
to the process at a controlled rate to maintain the desired pH level. 

As an alternative, conditioning may be accomplished by rinsing the filter cake during filtration with 
diluted phosphoric acid before discharge, eliminating the need for a conditioning tank (pending testing 
verification). In the event that multiple-stage drum filters are selected over horizontal belt filters 
during the final system design, this acid rinsing may be accomplished in the repulping step before the 
final stage filter. 
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L.3.0 OFF-SITE DISPOSAL I D 
The off-site disposal component includes the staging, loading, transportation, and disposal of 
contaminated soil/sediment, dewatered wastewater treatment sludges, solidified wastewater treatment 
resins, dewatered and/or cement stabilized soil washing treatment residuals, and miscellaneous debris 
generated during the decontamination and dismantlement of remedial facilities. Off-site disposal is 
associated to some degree with each remedial alternative and land use objective, except the no-action 
alternative. On the basis of cost analyses completed by the FEMP on similar volumes and types of 
waste streams in the Operable Unit 1 FS, the representative off-site disposal facilities selected for 
alternative evaluation in this FS include a permitted commercial disposal facility located near Clive, 
Utah, and the Department of Energy’s Nevada Test Site (NTS). 
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Cost and irnplernentability information used in the detailed analysis of alternatives was based upon use - I 1  7 ;  

of these off-site facilities. Recognizing that remedial activities for Operable Unit 5 soil and sediment 12 

13 

14 .. 
I5 

16 - 

are projected to take 22 years and wastewater treatment sludges may be generated over a 70-year 
period, transportation and WACs may be altered considerably over such a time frame. Such 
uncertainty was factored into risk budget analysis for alternatives relying on off-site disposal. 
Appendix E presents an analysis of the WACs for the permitted commercial disposal facility and NTS 
in relation to the types of waste streams envisioned to be generated by Operable Unit 5 remedial B activities. 
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Contaminated soil and sediment shipped to either the permitted commercial disposal facility or the 19 
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2.3 

24 

NTS would not be treated or stabilized before disposal. The exception to this is soil containing 
RCRA constituents exceeding LDR levels, soil containing PCBs exceeding solid waste disposal 
requirements, and soil found to contain large quantities of petroleum products from underground 
storage tank removals. This soil would be treated by mobile treatment units as described in the 
excavation component, Section L. 1 .O. 

As described in Appendix E, the representative permitted commercial disposal facility accepts 2s 
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hazardous, low-level radioactive, and mixed wastes in bulk or containerized form. 
accepts bulk rail shipments, bulk highway shipments, 20 cubic yard (yd3) boxes, B-25 boxes 
(3.5 yd3), drums, and smaller containers. 
disposal cells, but are emptied and returned to the generator for future use. 
WACs because only containerized material is accepted for disposal. 

The facility 

Containers are not placed in the commercial facility’s 
The NTS has stricter 

As described in Appendix E, both off-site disposal facilities limit the moisture content (free liquids) of 
wastes. NTS requires that free liquid not exceed 0.5 percent of the waste volume. 

31 
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Use of Method 
9095 (Paint Filter Test - EPA Publication SW-846) may be required to demonstrate compliance with B 
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this acceptance criteria. Wastewater treatment sludges and residues may be dewatered or dried before 
shipment. Absorbent may be added to contaminated soil/sediment to the extent required to ensure 
WACs are attained. 

For contaminated soil and sediment quantities totalling greater than 50,000 cubic yards, 100-ton 
capacity gondola rail cars would be used for shipment of material to the disposal facility. Stabilized 
materials would be sized to meet WACs and loaded into gondola or boxcars and shipped to the 
disposal site. Contaminated debris would be size-reduced to meet WACS and loaded into 20-ton 
containers, with the containers placed on flatbed rail cars. The approximate distance by rail to the 
representative commercial disposal facility is 1900 miles. 

Contaminated soil and sediment quantities of 50,000 ydl or less would be transported from the 
excavation site to the central storage facility (CSF) by dump truck. Material would be stored until 
sufficient quantities are accumulated to package and ship off site by truck. 

Figure L-3.1 presents a flow diagram of the activities involved in the off-site disposal of contaminated 
soil, sediment 'and waste material. The activities associated with off-site disposal are described in the 
following sections. 

L.3.1 STAGING FACILITY FOR OFF-SITE SHIPMENT 
For soil quantities greater than 50,000 yd3 requiring ,off-site disposal, a staging facility would be 
constructed for interim storage and loading of materials. The staging facility would be located in the 
southwest quadrant of the FEMP, adjacent to the existing AWWT facility. A rail spur would be 
installed at this location for the parking of up to 50 rail cars. 

L.3.1.1 Staging Bulk Soil/Sediments 
The staging facility would be divided into active and backup soil storage stockpiles. The active 
stockpile would serve as the primary feed source for daily loading operations. The backup stockpile 
would store excess materials over and above the daily operational requirements and supply materials 
for loading during inclement weather. 

Stockpiled soil would be transferred by a hydraulic excavator to the feeding hopper of a vibrating 
grizzly. Any soil size over 6 inches would be screened off into a container for size reduction in a 
shear shredder. Shredded material would be recycled to the feeding hopper for subsequent loading 
into a rail car. The undersize soil from the grizzly would be directed to a hopper equipped with an 
apron feeder at the discharge end. The apron feeder would transfer soil sized below 6 inches to a 
shuttle or belt conveyor for transfer to soil storage silos. The entire conveyor system would be 
enclosed, as necessary, to control any potential dust and isolate the contaminated soil from the 
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environment. Negative air pressure would be maintained within the enclosure to prevent emissions. 
Ventilation for the transfer system and storage silo would be provided by a high efficiency cartridge 

storage silos would be elevated and located adjacent to the new rail siding for direct load-out to the 
rail cars. 

, type dust collection system to minimize the emission of air particulates to the atmosphere. The 

L.3.1.2 Staging Other Contaminated Materials 
Cement stabilized materials would be staged on covered pads adjacent to the staging facility. 
Contaminated debris would be staged at the CSF. Blocks of stabilized materials would be shrink 
wrapped or sprayed with a surface coating (e.g., epoxy paint) to minimize the potential for the spread 
of surface contamination. Contaminated debris would be sized to meet WACs and loaded into 20-ton 
containers. 

L.3.2 CENTRAL STORAGE FACILITY 
The CSF would be used for staging and packaging contaminated soil quantities less than 50,000 yd3 
requiring off-site shipment. The CSF is described in Section L. 11 .O. 

L.3.3 LOADING RAIL CARS 
Storage for up to 50 rail cars would be provided on the FEMP property on a newly constructed rail 
spur. Movement of individual cars from the staging area to loading and decontamination areas would 
be accomplished by the use of a car ejector, rail car puller, car retarder, and rail stops. A track 
mobile would move empty and full rail cars on the FEMP site. It is presently envisioned that one 
day's production capacity of rail cars would be staged at the loading area. 

Disposable reinforced polyethylene liners would be placed in the empty gondola rail cars just before 
soil load-out at the FEMP. The liners would also incorporate a lapover top which is pulled.outside 
the covers. Rail car covers meeting US Department of Transporation (DOT) packaging requirements 
would be used to enclose soil in the car. Polyethylene covers could also be employed to meet DOE 
packaging requirements. 

A rail car dust collection hood would be incorporated with the silo discharge system to minimize air 
emissions during loading. As the rail car is moved into position, the hood would be lowered to seal 
with the rail car. The silo discharge would have multiple discharge spouts to enable uniform 
placement of the soil in the rail cars. Once the rail car is filled, the covers would be installed. 
Covers would be secured with clamps and locks to minimize the potential for tampering. The typical 
gondola car is approximately 45 feet long with a 100-ton weight capacity. Drying agents would be 
added to the vibrating grizzly and/or placed on the gondola car bed to ensure off-site disposal WACs 
are attained. 

I I  

12 

13 

14 

15 

18 

19 

26 

27 

28 

FER\CRUS\APXS\APP-L\SEC-W-S\Novemberl3. 1994 1:S9pm L-3-4 



November 14, 1994 

Stabilized materials would be loaded by forklift onto boxcars for shipment to the off-site disposal site. 
The loaded 20-ton containers would be loaded onto flatbed rail cars by a forklift. 

D 
L.3.4 LOADING TRUCKS 
Containers destined for disposal at the NTS would be loaded by forklift onto flat-bed trucks for 
transport. Containers must be certified for transport (e.g., surface contamination removed to 
acceptable levels) before placement on the truck. A maximum of five containers would be loaded 
onto a single flat-bed truck. 

L.3.5 DECONTAMINATING AND CERTIFYING RAIL CARS 
Bulk shipments of radioactive material are regulated by 49 CFR 0 173.425 (c). The average 
estimated radioactivity concentration cannot exceed 0.001 millicurie per gram of material. External 
radiation levels on the rail cars cannot exceed 200 millirem per hour at any point on the external 
surface of the car. DOT regulations also establish the maximum allowable removable and fixed 
contamination on the external surfaces of the shipping container. Filled cars would be moved to a 
decontamination area to ensure DOT surface and direct radiation transportation levels are attained 
before release of the car from the facility. The decontamination area would be equipped with spray 
washing, monitoring devices, and other equipment as required to decontaminate the rail car and 
complete the shipment certification process. Upon completion of certification, the filled rail car 
would be moved to a staging area by a car ejector and retained in its position with a car retarder. 
Once a sufficient number of cars have been filled and certified for transport, the cars would be 
transported to the off-site disposal facility. 

L.3.6 OFF-SITE TRANSPORTATION AND DISPOSAL 
Filled gondola cars would be taken to a rail car rollover at the representative permitted commercial 
disposal facility, located off the Union Pacific Rail Road main line. The rollover is capable of 
unloading 10,000 yd3 of waste per day. Before the gondola is overturned, the cover would be 
removed. The contents of the car would then be emptied and moved to the disposal cell. It should 
be noted that the disposal facility does not currently have the capability to remove the gondola car 
covers. Discussions with the representative disposal facility indicate that this capability could be 
readily added at the facility. The spent liner would be disposed of along with the waste. Stabilized 
blocks would be unloaded from the boxcars by forklifts and placed into the disposal cell. Containers 
would be unloaded from rail cars by forklifts or a gantry crane. The containers would be emptied 
and returned to the FEMP. 

The number of trains, train size, and shipping frequency would be based on the volumes associated 
with the individual alternative and are based upon an estimated maximum 30-day round trip travel 
time from the site to the representative commercial disposal facility. Mileage to the off-site disposal b 
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facility for the preferred route through East St. Louis, Illinois, is estimated at 1913 miles with two 
railroad companies involved. An alternate route through Chicago is slightly longer (1937 miles) but 
involves three railroad companies. 

For scenarios where packaged material would be shipped off site by truck, the mileage is assumed to 
be 2065 miles. According to the Operable Unit 1 Treated Material Transportation Report, Supporting 
.Report 4.0, for 2 yd3 containers, the cost of the container, packaging and transportation is $643 per 
yd3. Burial cost is assumed to be $10 per ft?. Therefore, the total cost is assumed to be $918 per 
yd3. 

Trucks would be unloaded by forklift using disposal facility personnel. Containers would then be 
placed in the disposal cell. 

2 

3 

9 

10. 

L.3.7 RETURNING RAIL CARS I I  

Following the unloading of the materials, gondola cars would be decontaminated to the extent 12 

13 

14 

necessary, covered, and returned to the FEMP. 
gondola car would require decontamination before release from the facility. 

It is envisioned that only the exterior surface of the 

L. 3.8 RETURNING TRUCKS 
Following the unloading of containers, trucks would return to the FEMP. 
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L.4.0 STABILIZATION 1 
This section presents a description of the cement stabilization component. Cement stabilization is 
employed to stabilize soil, wastewater treatment sludges, and/or soil decontamination treatment 
wastes. The cement stabilization process involves mixing the contaminated materials directly with 
portland cement, flyash, water, and additives to control setting. The materials are transformed into 
the rigid matrix of the hardened concrete. The method physically solidifies the materials, with a 
standing monolithic solid as the end product. Cement stabilization is effective at immobilizing metals, 
such as uranium, because at the ph of the cement mixture, most multivalent cations are converted into 
insoluble hydroxides. 

Cement stabilization is a widely used technology for treatment of predominately inorganic waste 
materials and has been commonly applied to the solidification of low-level radioactive wastes. 

Extensive treatability testing was conducted by the FEMP to evaluate the viability of using cement 
stabilization as a support technology to address Operable Unit 1 waste materials. This testing focused 
on stabilizing 'the contents of the waste pits. The FEMP waste pits contain a heterogeneous matrix of 
sludge, soil, and miscellaneous debris containing high concentrations of uranium, other radioactive 
metals, inorganic compounds, and, to a lesser extent, organic compounds. These treatability test 
results for Operable Unit 1 have been used in this study to guide the development and evaluation of 
the cement stabilization process for its potential application to address soil and treatment sludges as 
part of Operable Unit 5 remedial alternatives. The Operable Unit 5 material to which this technology 
may be applied represent a more homogeneous waste type with generally much lower contaminant 
concentrations of uranium and other inorganic metals. In general, the treatability study testing 
conducted to support Operable Unit 1 concluded that cement stabilization was effective in controlling 
the leachability of uranium and other heavy metals. The testing further concluded that the solidified 
waste materials passed defined tests for durability (wet/dry and freezekhaw) and showed low 
permeabilities. If cement stabilization is employed as a support technology to the selected Operable 
Unit 5 remedy, additional testing would be conducted during remedial design to refine proposed 
formulations and develop operational data. Careful formulation and quality control is required for the 
successful application of the stabilization process. 

Following stabilization, the cement stabilized materials would be shipped off site, placed in an on- 
property disposal cell, or placed within a consolidation area and covered with a multilayered cap. 
Each of these options is discussed in other component descriptions in this appendix. The type and 
quantity of material requiring stabilization are discussed within the description of each of the remedial 
alternatives. 
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L.4.1 DESIGN CONSIDERATIONS 
The conceptual design of the cement stabilization system selected to support the development and 
evaluation of remedial alternatives includes the following design considerations: 

2 

3 

Consistently attain performance-based WACS for the on-property or off-site disposal 
facility, including leachability and durability 

4 

5 

Minimize, to the extent practical, the addition of cement and other noncontaminated 
materials to reduce disposal capacity requirements 

6 

7 

Provide for soil blending systems to optimize product consistency a 

Provide for product inspection and quality assurance to ensure performance requirements 
have been attained before disposal 

9 

10. 

Provide capability to recycle off-specification product I I  

The FEMP does not envision the construction of a cement stabilization facility for remedial 
alternatives which rely upon cement stabilization only as a support technology for addressing 
relatively small quantities of spent wastewater treatment media, regenerate sludge, and soil exhibiting 
inorganic constituents greater than TCLP concentrations. For these alternatives, it is assumed that a 
vendor-operated stabilization service would be employed, on an as-needed basis, to cement stabilize 
stored materials. However, the bulk soil stabilization facility will include flexibility to treat various 
sludges, spent media, and soil decontamination wastes. Adequate storage capacity would be provided 
at the AWWT facility and CSF (i.e., for soil exhibiting characteristics of a hazardous waste) to stage 
materials for stabilization through the vendor-supplied service. 

12 

13 

14 

17 

18 

19 

20 

L.4.2 GROUT FORMULATION 21 

The grout formulation presented in Table L.4-1 was used as the technical basis for developing 

from the Operable Unit 1 treatability study and examination of literature data. The grout formulation 
was considered generally applicable to soil and dewatered wastewater treatment and soil 

testing conducted following remedy selection. 

22 

23 

24 

25 

26 

27 

remedial alternative cost estimates. The formulation was developed on the basis of available data 

decontamination sludges. Final grout formulations would be selected on the basis of process design 
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TABLE L.4-1 

GROUT FORMULATION 

Ingredient Percentage by Weight Tons/Ton of Dry Soil 

Dry Soil . 40.8 1 .o 

Water 24.5 0.6 

Cement 24.5 0.6 

Fly Ash 10.2 0.25 

Other Minimal Minimal 

L.4.3 COMPONENT DESIGN 
Upon consideration of the listed design requirements and the selected grout formulation, the 
stabilization flow diagram depicted in Figure L.4-1 was compiled as the conceptual basis for this 
study. Final process flow diagrams would be completed as part of remedial design. As identified in 
the figure, the cement stabilization component is comprised of the following unit operations: 

Soil staging and preparation 
Reagent receipt, storage, and blending 
Grout mixing 
Product handling and curing. 

The following sections provide descriptions of each of these unit operations. 

L.4.4 SOIL STAGING AND PREPARATION 
An incoming soil storage facility would be provided for staging contaminated soil destined for cement 
stabilization. The soil storage facility would be divided into active and backup soil stockpiles. The 
active soil stockpile would provide feed materials for the cement stabilization process. The backup 
soil stockpile would stage excess soil over and above the daily processing requirements and would 
supply material to the cement stabilization facility during inclement weather. Excavated soil would be 
received at the incoming soil storage facility in 40-ton roll-off containers. The containers would be 
dumped to the backup soil stockpile. A track loader would transfer soil from the backup soil 
stockpile to the active soil stockpile. 
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A hydraulic excavator'would transfer soil from the active soil stockpile to the feeding hopper of a 
vibrating grizzly. Any materials over 6 inches would be screened off into a container which would be 
transferred to a storage area for transfer to an on-property disposal facility. The undersize (less than 
6 inches) soil would be directed to a hopper equipped with an apron feeder at the discharge end. The 
apron feeder would transfer soil sizes below 6 inches to a shuttle or belt conveyor for transfer to the 
double deck screen in the cement stabilization facility. 

B 

The oversized (3/4-inch to 6-inch) soil from the double deck screen would be fed to an impact 
crusher, which operates in a closed circuit with the double deck screen. Materials smaller than 
3/4 inch would be picked up by a bucket elevator and conveyed by screw conveyors to soil storage 
silos. 

Dewatered wastewater treatment sludges and soil decontamination wastes requiring cement 
stabilization would be transferred, through a container dumping station, to the apron feeder for 
mixing in the pug mill. Adequate container storage areas would be provided at the cement 
stabilization facility to stage treatment residuals before stabilization. 

L.4.4.1 Reagent ReceiDt. Storage and Blending 
The cement stabilization process requires a large supply of cement and flyash. The existing FEMP 
railroad spur would be extended to serve this facility. Reagents would be transferred directly from 
rail cars to storage silos. Each storage silo would have a pneumatic transfer system for moving 
material from the storage silos to weigh feeders so it could be metered out in a controlled ratio into 
premix blenders. A pneumatic solids-handling system would then transfer the premix to a storage silo 
located above the grout mixers. The silos, transfer area/premix blender, and the premix silos would 
be equipped with a dust collection system to minimize atmospheric releases. 

I) 

L.4.4.2 Grout Mixing 
Contaminated soil and treatment sludges/wastes requiring stabilization would be fed to grout mixers at 
the rates specified in the final mix designs. Two mixing lines are anticipated to support cement 
stabilization to ensure continuity of operation. Continuous mixers such as pug mills would be used as 
grout mixers. Grout additives, such as sodium silicate, would be used, as necessary, to control the 
setting of the grout. The sodium silicate would be added to the soil or sludges at the inlet end of the 
grout mixer. Premix and soil or sludge would be metered (by continuous weigh feeders) into the 
grout mixers. The grout would be discharged directly into forms for setting and curing. A flush 
water system would be provided to flush out the grout transfer chutes and mixing equipment 
whenever equipment is shut down. All equipment would be located in a containment area with 
spillage being recovered and recycled through the process. 
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L.4.4.3 Product Handling and Curing 
The grout would be discharged into forms for solidification. A conveyor system would be used to 
position empty forms under the discharge chute from the pug mill. The forms would be filled with a 
weighed amount of the soil-bearing grout. The forms would be vibrated to ensure even filling. The 
conveyor would then move the full forms out and replace them with empty ones. A forklift would 
supply the feed end of the conveyor with empty forms and transport full forms into the staging area 
for curing, testing, and inspection. An estimated 48 hours of initial curing is anticipated before 
stripping the forms. If a form's contents do not meet product specifications, it would be transported 
to the crushing and screening area and reprocessed through the system. 

The concrete blocks which meet specifications would be lifted onto flatbed trucks for transport to an 
on-property disposal facility. 

L.4.5 PROCESS EMISSIONS 
The cement stabilization process is not envisioned to generate secondary solid waste streams. Liquid 
effluent from the process will be minimal. Generated wastewaters would be transferred to the 
AWWT facility for treatment. 

The stabilization process is anticipated to generate particulate emissions from the handling and storage 
of contaminated soil, cement, and flyash. Additionally, dusts would be generated during crushing and 
screening operations involving the soil debris and off-specification product. Dust collection systems 
would be provided to minimize particulate emissions to the atmosphere. Additionally, the process 
buildings would be equipped with HEPA filters to control fugitive emissions from the facility 
ventilation systems to the environment. All silos storing contaminated soil or dry reagents would be 
equipped with bin vent filters for dust collection, thereby eliminating dust releases from these sources. 
Compliance with the National Emissions Standards for Hazardous Air Pollutants would be addressed 
after further test results verify what (if any) emissions are produced during the stabilization process. 
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L.5.0 CONSOLIDATION i 

This component involves delineating and preparing an on-property area to receive untreated, treated, 
or stabilized soil excavated either from other parts of the FEMP property or from off-property 
locations. Soil meeting the WACs established for consolidation would be accumulated in a single 
area to minimize the amount of FEMP property surface acreage affected by contaminated soil. The 
consolidated material would be covered either by topsoil (earthen cover) or by a multilayered cap, 
depending upon the WACs. This would preclude the potential for direct contact, incidental 
ingestiodinhalation, or direct radiation exposure. For consolidation under the earthen cover, the 
WACs provide for protection of the Great Miami Aquifer, because the earthen cover is not assumed 
to reduce the infiltration rate over that of native soil. The earthen cover would reduce the migration 
of contaminants to air and surface water. Consolidation under the multilayered cap would reduce the 
migration of contaminants to air, surface water and groundwater, achieving protectiveness of the 
Great Miami Aquifer. 

8 

9 

IO 

i i  

12 

13 

The consolidation component is included as a support technology for the detailed analysis of remedial 14 

15 

16 

alternatives evaluated under Land Use Objectives 2 and 3. The rationale employed for siting the 
consolidation area is consistent with the overall goal of these objectives, to minimize the FEMP 
property areas for which institutional controls would be required to restrict future land use. Several 
portions of the FEMP have been eliminated from siting consideration. The western portion of the 
site, including areas associated with Operable Units 1 and 4, would not be considered because of its 
proximity to Paddys Run and the floodplain. Eastern and southeastern portions of the FEMP property 
would be suitable from a geologic standpoint, but are currently the least contaminated areas on the 
property. In the interest of maximizing the potential release of areas from use restrictions, these 
portions were not considered solely for the consolidation location. Because it is unlikely, under Land 
Use Objectives 2 and 3, that any portion of the former production area would be released for some 
unrestricted or restricted use, the northern portion of the area was selected to support material 
consolidation. For those remedial alternatives considering both a consolidation area component and 
an on-property disposal cell or the installation of a multilayered cap component, excavated soil 
attaining the WACs for consolidation with earthen cover would be used to the extent possible in the 
construction of the fill dikes within the disposal cell or cap. Excess soil for consolidation with an 
earthen cover would be constructed around the disposal cell to create a buffer of less contaminated 
materials. 

- 
Through fate and transport modeling, WACs have been developed for the materials that would be 
placed in the consolidation area. Different sets of criteria have been developed for consolidation 
under the earthen cover or the multilayered cap. Materials whose characteristics will be compared to 
the criteria include untreated contaminated soil, treated contaminated soil with residual contamination, 
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and stabilized contaminated soil. The WACs are based on conservative fate and transport modeling 
assumptions, including the geologic conditions underneath the proposed consolidation area location. 

Since the former production area contains some of the most heavily contaminated soil on the FEMP 
property, portions of this area would be extensively excavated, regraded, and backfilled to the extent 
required during the implementation of those remedial alternatives adopting the consolidation 
component. The excavations would involve removing both contaminated soil and perched 
groundwater zones. This would result in the removal of higher permeability soil as part of the 
contaminated materials excavation. Excavated soil would be replaced by clean, compacted fil l  having 
a permeability at least equivalent to that of the gray clay. 

The multilayered cap over the consolidation area would be designed without incorporating or relying 
upon the geologic characteristics of the existing, or subsequently emplaced, soil underlying the 
consolidated materials. For fate and transport modeling purposes, the upper brown clay layer of the 
glacial overburden is assumed to be absent. The WACs for placing materials under the cap 
incorporate the infiltration rate through the cap, the assumed absence of the brown clay layer, and a 
minimum thickness of 20 feet of gray clay or equivalent backfilled compacted soil. The WACs for 
placing material under the earthen cover incorporate an infiltration rate equivalent to native soil and 
treat the brown and gray clay layers the same as described for the cap. WACs are discussed in more 
detail in Section 4.0 and Appendix F. 

The size of the consolidation area would be dependent on the volume of soil meeting the WACs for 
the selected remedial alternative. The approximate dimensions of the consolidation areas are provided 
as part of the detailed description of each remedial alternatives. The footprint of the consolidation 
area would require perpetual federal ownership, a groundwater monitoring system, restrictions within 
the property deed, permanent land markers, and a performance review of the continued protectiveness 
of the consolidation area at least once every five years. 

L.5.1 DESIGN CONSIDERATIONS 
The conceptual design of the consolidation area selected to support the development and evaluation of 
remedial alternatives includes the following design considerations: 

Reduce/minimize rainwater infiltration through the use of a compacted soihegetative 
layer cover or multilayered cap. The infiltration rate through the earthen cover would 
be 6 inches per year, the same as native soil. The infiltration rate through the cap 
would be approximately 0.9 inch per year. 

Prevent earthen cover degradation caused by such mechanical forces as the 
freezingkhawing cycle. 
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Minimize erosion and promote evapotranspiration through the use of a vegetative cover. I 

Prevent storm water erosion through grading and drainage ditch construction. 2 

0 Accommodate construction of the consolidation area in phases to sequence construction 
activities with the soil remediation schedule and with the remediation activities of other 
operable units. 5 

3 

4 

Minimize the potential for settlement through compaction of the consolidated soil; 6 

Minimize the need for long-term surveillance and maintenance. 1 

Provide for deed restrictions and monuments identifying the consolidation area to 
preclude the potential for human intrusion. 

8 

9 

Upon consideration of the above, the consolidation area configurations depicted in Figures L.5- 1 and 
L.5-2 were selected as the conceptual basis for the detailed analysis of alternatives. Figure L.5-1 
depicts a cross-section of a consolidation area with an earthen cover. Figure L.5-2 depicts a cross- 

- IO 

I I  
. _  

'2 : 

section of a consolidation area with a multilayer cap. 13 

L.5.2 CONSOLIDATION AREA CONSTRUCTION 
L.5.2.1 Site Preoaration 
Construction of the consolidation area would necessarily occur in phases to accommodate the varying 
schedules of soil remediation and the demolition of structures in the former production area (as 
managed under Operable Unit 3). All production area facilities and above-grade utilities would be 
removed pursuant to the Operable Unit 3 Interim Remedial Action. Building slabs, foundations, 
underground tanks, underground facilities, contaminated perched water zones (see perched water 
extraction component description), and contaminated soil not meeting the capping WACs (within the 
footprint of the cap) or, as required by the consolidation area WACs, would be excavated. The 
excavated areas would be regraded and backfilled, as required, with imported clean fill material to 
create a suitable geologic base for the consolidation area. The consolidation area would be compacted 
and graded as necessary. 
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L.5.2.2 Material Placement 26 

. 21 

28 

The consolidated material would consist of contaminated soil (untreated or treated) and/or cement 
stabilized soil blocks. The following sections describe the placement of each type of material. 

Soil Placement 29 

Contaminated soil would be delivered to the consolidation area in 40-ton roll-off containers and 30 

dumped in a stockpile near the active consolidation area construction site. 31 

wetted and/or covered to minimize fugitive dust emissions. 32 

Soil stockpiles would be 
Periodic monitoring, including sampling 

FER\CRUS\APXS\APP-L\SEC-W-S\NovcmberI 3,  I994 1 :59pm L-5-3 



40 _ _  ,___.  . __._ - __. - . 

35 . . i-.- ._ - .. . . . 
I- 
w 30 . -4 . .- 
W 
LI 

z 
I- 
Q 
> 
w 
-J 
W 

0 

MINIMUM 1 FOOT 
OF COMPACTED 

CLEAN 

~6 INCHES OF TOPSOIL 

. 3tt I \ U I t  

0 '  

EXISTNG GRADE / 

.40 

35 

30 

- 25 

20 

15 

10 

. 5  

- 0  

DRAFT 
NOTE: 

EXISTING GRAGE SHALL 6E PITCHED TO 
DRAIN FROM THE CONSOLIDATION AREA 

F I G I J R E  1.5-1 CROSS S E C T I O N  O F  C O N ~ D A T I O N  A R E A  W'ITH E A R T H E N  C O V E R  'L 



55 

50 

F 45 

E 40 
W 

z 35 
VI 30 
0 25 
z 

: 20 

!I 15 
10 

5 

0 

W 

E XIS T I NG GRAD E 1 

NOTE: 

HURIZOEITAL !:..,.! 2B@ 300 EXISTING GRADE SHALL BE PITCHED T O  I . 1  

L& _ _  - .-I DRAIN FROM THE CONSOLIDATION AREA 
W I T H  A STONE APRON AT THE TOE OF 
THE CAP. 

10 0 ! . i  io 30 

->Li. :i! FEE1 

b EFi T IC AL 

. .  - 

F I G U R E  L.5-2. C R O S S  SECTION OF C O N S O L I D A T I O N  A R E A  W I T H  M U L T I - L A Y E R E D  C A P  

. . .  

db 
W 
cp 



FEMP-OSFS-4 DRAFT 
November 14. 1994 

and analysis of airborne particulates, would be conducted to ensure the effectiveness of dust 
suppression measures. Soil would be moved by front-end loaders or, if required, would be loaded 
into dump trucks and transferred to the consolidation area. Soil would be dumped, spread by 
bulldozer, and compacted in 8-inch lifts with a sheepsfoot roller. The consolidated material would be 
placed and graded to a 5:l slope at the base and then sloped to a four-percent grade to the top of the 
mound. Following final grading, the consolidated material would be covered with an earthen cover 
or multilayer cap. 

Stabilized Block Placement 
Stabilized soil blocks would be delivered to the consolidation area on flatbed trucks. The blocks 
would be offloaded from the flatbeds and placed in the consolidation area by 7-ton capacity cranes. 
Stabilized blocks would be covered with compacted contaminated soil and graded as described above 
to allow placement of a multilayer cap. 

L.5.2.3 Consolidation Area Cover 
An earthen cover would be placed over consolidated contaminated soil meeting the WACs for an 
earthen cover. The stabilized blocks and contaminated soil whose contaminant concentrations exceed 
the WACs for the earthen cover would be covered with a multilayered cap. The following sections 
describe the design of each type of consolidation area cover. 

Earthen Cover 
The earthen cover consists of a minimum of 1 foot of compacted clean soil. Cover material would be 
placed in 8-inch lifts and compacted to achieve a 95 percent Standard Proctor. The compacted 
material would be covered with 6 inches of loosely compacted topsoil and revegetated for erosion 
control purposes. 

Multilaver CaD 
The conceptual design of the representative multilayer capping system selected to support the detailed 
analysis of remedial alternatives includes the following design considerations in addition to those 
mentioned earlier in this section: 

Attain regulatory and DOE order based design and performance based criteria including 
RCR4 and State of Ohio hazardous waste landfill closure requirements, Uranium Mill 
Tailing Radiation Control Act requirements, and DOE 5820.2A criteria 

Be effective for up to 1000 years, to the extent practical and reasonably achievable, and 
in any case for at least 200 years (40 CFR 192.02) 
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On the basis of these considerations, the cap configuration depicted in Figure L.5-2 was selected as 
the conceptual basis for the detailed analysis of alternatives. The cap configuration would be finalized 
during remedial design. The cap is based upon a composite design employing both natural materials, 
such as gravel and clay, and synthetic materials, such as polyethylene barriers. The capping system 
includes the following design components: 

I 

2 

3 

4 

5 

A 6-inch-thick vegetative layer to reduce the potential for erosion 6 

A 3-foot-thick soil cover layer to accommodate moisture retention for maintaining the 
vegetative cover 

7 

a 

0 A 6-inch-thick gravel filter layer between a top and bottom layer of geotextile separator 
to protect the underlying biotic barrier from infiltration of fine grained silt and sand 
particles I I  

9 

40 ' 

A 3-foot-thick biotic barrier consisting of cobbles to prevent animal and plant intrusion 12 

A 12-inch-thick sand drainage layer between a top and bottom layer of geotextile 
separator to drain off infiltrating water 

A double layer of textured high density polyethylene (HDPE) and a bentonite 
geocomposite layer to impede infiltration , 

A 24-inch thick compacted clay soil layer, exhibiting a minimum 1 (x) l o 7  cm/year 
hydraulic conductivity, to impede infiltration and attenuate radon emissions 

13 

14 

15 - 
16 

17 

18 

Two 6-inch layers of compacted contouring fill surrounding a biaxial geogrid 19 

20 

21 

reinforcement material resting immediately above the contaminated soil and sediment to 
support the installation and contouring of cover materials. 

L.5.3 STORM WATER CONTROL 22 

Storm water contacting the consolidated material during construction would be collected and/or 
diverted to the existing SWRB for settling, and subsequently transferred to the AWWT facility for 
treatment before discharge to the Great Miami River. 

23 

24 

25 

Storm water run-on would be diverted around the consolidation area both during and after 26 

construction. During construction, adjacent areas would be graded to ensure positive surface water - 27 

drainage away from the consolidation area. Silt fences would be used to control suspended solids 28 

present in storm water runoff from the construction site. 
into the SWRB during remediation or would be directed by a probable maximum precipitation channel 
into Paddys Run after remediation. 
12 inches of riprap and 6 inches of bedding gravel. 

The runoff would be allowed to sheet flow 29 

30 

31 

32 

The channel would have a side slope of 4:l with slope armor of 
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L.5.4 COVER MATERIALS AND SUPPORT FACILITIES 
Natural and synthetic capping materials, including the required clay, sand, and gravel, are envisioned 
to be imported from off-site sources. A temporary tension support facility would be assembled to 
provide a staging area for imported cover materials. Upon receipt, cover materials would be verified 
as meeting required specifications and placed into appropriate bins for ready access, as needed for 
construction activities. It is envisioned that a sufficient supply of capping materials would be on hand 
to facilitate construction of a cap of up to 150,000 square feet. Staging of these capping materials is 
required to provide flexibility for construction sequencing. During active cap construction, the staged 
capping materials would be transported from the storage facility to the actual capping site. 

L.5.5 MAINTENANCE. MONITORING. AND INSTITUTIONAL REQUIREMENTS 
The multilayer cap is intended to limit infiltration rates to levels that are protective of the Great 
Miami Aquifer. The consolidation area would require long-term maintenance and surveillance to 
ensure the continued performance of the system. Periodic maintenance, including inspection and 
groundskeeping of the vegetative cover, clearing of engineered surface water drainage ways, and 
inspection of the earthen cover or multilayered cap would be required. Inspections are assumed to be 
completed at the time of collection of groundwater monitoring samples. Maintenance, except as 
specifically required in response to inspection findings, is assumed to be conducted twice per year. 

A long-term groundwater monitoring program would be implemented in support of any alternative 
using a consolidation area. A series of monitoring wells would be installed around the consolidation 
area boundary. The wells would be located in pairs, with one well installed in the glacial overburden 
and one well installed in the Great Miami Aquifer. For this study, it was assumed that one well pair 
would be placed every 150 linear feet around. the boundary of the consolidation area. The actual 
number and locations of wells would be based on the final configuration of the consolidation area. A 

more detailed description of the.groundwater monitoring network is provided in Section L.7. 

The footprint of all consolidation areas would be fenced, delineated with permanent monuments, and 
maintained under the perpetual ownership of the federal government. Notations would be made in the 
property deed of the existence of the buried materials prohibiting intrusive activities into these areas. 
Through perpetual rights of ownership for the affected land parcels and continued surveillance and 
maintenance of the consolidation area, the potential for human intrusion to the buried contaminated 
soil and sediment, or for property development, would be minimized or completely eliminated. 
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L.6.0 ON-PROPERTY DISPOSAL CELL 

This component involves the construction of an on-property, above-grade disposal cell to provide 
permanent storage of contaminated materials including soil, sediment, gravel, and stabilized, dried 
remediation treatment sludges which meet the WACs established for the disposal cell. The major 
features of the disposal cell include a multilayered capping system coupled with a multilayered liner 
and leachate coilectioddetection system. Containment of contaminated materials in the cell would 
preclude the potential for direct contact, incidental ingestiodinhalation, or direct radiation exposure. 
It would reduce the migration of contaminants to air, surface water, and groundwater, achieving 
protectiveness. for the Great Miami Aquifer. 

D 

The on-property disposal cell component is included as a support technology for the detailed analysis 
of alternatives under Land Use Objectives 2, 3, and 4. The rationale employed for siting the cell for 
this study was to select a location that took advantage of the existing site geology, topography, 
current land use, and anticipated remediation sequence. Thus, the northeast section of the site was 
selected as the proposed location for the disposal cell. Through fate and transport modeling, WACs 
have been developed for the materials that would be placed in the cell. The WACs are based on 
conservative fate and transport modeling assumptions, including the geologic conditions underneath 
the proposed disposal cell location, and are discussed in more detail in Section 4.0 and Appendix F. 

Since the proposed disposal cell site contains some contaminated soil at primarily shallow depths, 
portions of this area would be excavated to remove contaminated soil. It is anticipated that this would 
occur in conjunction with the site preparation work associated with the construction of the disposal 
cell. Cut and fill operations are anticipated to establish the design grade for the cell’s liner, 
depending on the design grade of the disposal cell’s liner and the depth of excavation required to 
remove contaminated soil beneath the disposal cell’s footprint. Fill areas would be constructed of 
clean, compacted soil to achieve the required design strength and permeability characteristics. The 
geologic conditions in the northeast section of the site appear to be suitable for the disposal cell 
location based upon the minimum 20-foot-thick gray clay layer observed during the Operable Unit 5 
RI. 

D 

The liner of the cell would be designed employing conservative assumptions regarding the 
geochemical retardation and hydraulic properties of the existing, or subsequently backfilled, soil 
underlying the disposal system. For fate and transport modeling purposes, the upper brown clay 
layer of the overburden is also assumed to be absent. Geotechnical data would be collected during 
remedial design and evaluated to determine the applicability of additional engineering controls (e.g., 
in situ grouting) to augment the hydrogeology in the vicinity of the cell. 
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A geologic verification program is currently underway at the FEMP to collect supplemental data on 
the properties of the glacial till in the projected footprint of the disposal cell. These data will be used 
during remedial design to finalize the location, design configuration, and WACS of the disposal cell. 

The actual size of the cell would be dependent on the volume of soil and other material requiring on- 
property disposal. The on-property disposal cell would require perpetual federal ownership, a 
groundwater monitoring system, .an air monitoring system (during construction), radiation monitoring 
(during construction), restrictions within the property deed, permanent land markers, and a 
performance review of the continued protectiveness of the disposal cell at least once every five years. 

L.6.1 DESIGN CONSIDERATIONS 
The conceptual design of the representative disposal cell system selected to support the detailed 
analysis of alternatives includes the following design considerations: 

Attain regulatory and DOE order-based design and performance-based criteria 
including RCRA and State of Ohio hazardous waste landfill design requirements, 
Uranium Mill Tailing Radiation Control Act requirements, and DOE 5820.2A criteria 

Be effective for up to 1000 years, to the extent practical and reasonably achievable, 
and in any case, for at least 200 years (40 CFR 192.02) 

Minimize the rate of contaminant transport out of the disposal cell by minimizing the 
hydraulic transport of contaminants through the liner 

Accommodate disposal cell construction in modules to sequence construction activities 
with the soil remediation schedule and with the remediation activities of other operable 
units 

0 Minimize erosion of the cap and promote evapotranspiration through the use of a 
vegetative cover; provide erosion protection from cell runoff by constructing a stone 
apron along the toe of the cell and using a stone layer on the face of the berm 

Prevent erosion of the disposal cell berm through the use of a probable maximum 
precipitation channel constructed around the toe of the cell berm, as needed, to direct 
runon precipitation away 

Protect against animal and plant intrusion and minimize the potential for human 
intrusion though the use of stone barriers within the cell cap and on the face of the 
berm 

Minimize or completely attenuate the migration of radon from the contained 
radioactively contaminated materials 

Minimize the potential for settlement through compaction of the contaminated material 
in lifts and compaction of capping materials to the extent practical 
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Minimize the need for long-term surveillance and maintenance 

Provide for deed restrictions and monuments identifying the cell to further preclude 
the potential for human intrusion 

Minimize the potential for gas formation within the cell through segregation, to the 
extent practical, of the degradable organic material within excavated contaminated soil 
and the underlying soil column. 

Additional considerations that are not specifically included in the representative disposal cell system 
selected to support the detailed analysis of alternatives, but could be incorporated into the future 
design include: 

Minimize the potential for a "bathtub effect" by incorporating a design such that the 
hydraulic conductivity of the liner is slightly greater than that of the cap 

Minimize diffusive contaminant transport by incorporating attenuating materials (e.g., 
zeolite, soil admixtures containing certain hydroxides of iron) into the composite liner 
design. 

L.6.2 DISPOSAL CELL DESIGN 
Upon consideration of the above, the disposal cell configuration depicted in Figure L.6-1 was selected 
as the conceptual basis for the detailed analysis of alternatives. The cell configuration would be 
finalized during remedial design. The components of the disposal cell design are described in the 
following sections. 

L.6.2.1 Multilaver CaD 
The details of the cap configuration are depicted in Figure L.6-2. The cap is based upon a composite 
design employing both natural materials, such as gravel and clay, and synthetic materials, such as 
polyethylene barriers. The cap would slope at about four percent from the crown out to clean fill 
dikes. The capping system includes the following design components: 

A 6-inch-thick vegetative layer to reduce the potential for erosion 

A 2 1-inch-thick soil cover layer to accommodate moisture retention for maintaining 
the vegetative cover 

A 6-inch-thick gravel filter layer between a top and bottom layer of geotextile 
separator to protect the underlying biotic barrier from infiltration of fine grained silt 

, and sand particles 

A 3-foot-thick biotic barrier consisting of cobbles to prevent animal and plant intrusion 
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e A 12-inch-thick pea gravel drainage layer between a top and bottom layer of geotextile 
separator to drain off infiltrating water 

A composite layer consisting of textured HDPE over bentonite geocomposite layer to 
impede infiltration 

3 

4 

A 24-inch-thick compacted clay soil layer, exhibiting a maximum coefficient of 
permeability of 1 (x) lo-’ cm/sec to impede infiltration and attenuate radon emissions 

5 

6 

A varying thickness (12-inch to 24-inch, typical) layer of compacted contouring fill 
with a biaxial geogrid reinforcement material resting immediately above the 
contaminated material to support the installation and contouring of the cap layers. 

IO 

I I  . 

L.6.2.2 Clean Fill Dikes 
The clean fill dikes consist of the followihg design components: 

A core berm consisting of compacted soil material. This compacted material is 
covered with compacted clay. The berm would have interior slopes of 3:l and 
exterior slopes of 5: 1. ‘The height of the clean fil l  dike from the existing grade to the 
edge of the disposal cell cover is dependent on the disposal cell size. 

12 

13 

14 

15 

A 12-inch-thick layer of 6-inch diameter stone on the exterior face for stabilizing and 
protecting the berm from erosion 

16 

An apron of stone (10-foot-wide by 12-inch-thick7 typical) along the toe to provide 
erosion protection from cell runoff. 19 

L.6.2.3 Probable Maximum Precipitation Channel. 
The Probable Maximum Precipitation channel would be sized to protect the disposal cell from the 
probable maximum flood and would surround the uphill side of the cell. The channel would be offset 
from the clean fill dike at varying distances. The offset area between the cell and the channel would 
slope at 1 percent toward the channel. The channel would have a side slope of 4:l with a channel 
invert sized depending on the disposal cell location’s drainage basin (typically 10 to 20 feet). The 
side slope would be armored with 12 inches of riprap and 6 inches of bedding gravel. 

20 

21 

22 

23 

24 

2.3 

26 

L.6.2.4 Cell Liner 
The details of the disposal cell liner configuration are depicted in Figure L.6-2. The liner would be 
constructed on a subgrade of clean compacted native soil and consists of the following design 
components: 

A protective layer (12-inch minimum, typical) consisting of a material such as soil or 
flyash to protect the liner when the waste is placed 

31 

32 

A geotextile fabric separator layer 
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An 12-inch-thick leachate collection system of pea gravel with 6-inch diameter 
perforated pipe to collect leachate and direct it to a collection point. Collected 
leachate would be piped to the AWWT. When the AWWT is removed from service, 
the drain piping at the cell would be plugged and removed from service. 

A geotextile fabric separator layer 

A primary geomembrane liner consisting of textured HDPE above and a geosynthetic 
clay liner below 

An 12-inch-thick leachate detection system of pea gravel and 6-inch diameter 
perforated pipe to collect leachate and direct it to a monitoring and collection point. 
When the AWWT is removed from service, the drain piping at the cell would be 
plugged and removed from service. 

' A secondary geomembrane liner consisting of textured HDPE above and geosynthetic 
clay liner below 

A 36-inch-thick secondary liner of compacted native clay soil, enhanced by mixing 
with bentonite to ensure that permeability performance criteria are met. 

The layering of the above-described liner is modified as it runs up the 3: 1 interior slopes of the clean 
fill berms. The geosynthetic clay liners on the sloping clean fill berms are not used. Additionally a 
permeable geonet material is used to replace the pea gravel leachate collection and leachate detection 
layers. A geosynthetic rubsheet is used for the protective layer. 

L.6.3 CELL CONSTRUCTION 
Before any waste placement, preparatory work is needed to establish the disposal cell's infrastructure 
and related support functions. The site should be cleared to a reasonable level (i.e. major vegetation 
removed, but not stripped to bare soil) to permit construction. Underground utilities, existing 
monitoring wells, and buildings need to be removed and depressions properly backfilled and 
compacted. Contaminated soil that underlies the cell would be excavated and the area deemed clean. 
Additionally, if required, any subsurface improvements, such as grouting or sand lens removal, would 
be performed. Due to the potential size of the disposal cell and the limited area for siting, 
underground utility removal and excavation would probably be conducted just in advance of the liner 
placement. Rough grading would be performed to establish the basal liner's drainage gradient. The 
high point of the storm water diversion ditches and the pitch of the ditches would be established. 
Clean topsoil excavated from these activities would be stockpiled for later use. Clean common soil 
would be used to construct the initial disposal cell's berms. Leachate collection ponds or sumps 
would be installed and pipeline routes laid to existing or new treatment facilities. For purpose of the 
study the leachate collection pipeline from the disposal cell is directed to the AWWT for treatment. 
Existing treatment facilities might need to be modified to handle additional volume and specific 
leachate constituents. Haul road routes, points of entry, wheel wash stations, and traffic patterns to ' 
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the disposal facility would be established. An initial disposal working cell would be sited and 
constructed. 

Construction of the disposal cell would necessarily occur in phases to accommodate the varying 
schedules of soil remediation and the demolition of structures in the former production area (as 
managed under Operable Unit 3). The cell would be built and filled in subunits, or modules, with 
each module closed with an intermediate cover until completion of all planned modules. The final 
cap would then be constructed over the intermediate cover. Figure L.6-3 illustrates the concept of the 
progression of the disposal cell construction. Construction would start at one comer of the disposal 
cell footprint. A section of clean fill berm and disposal cell liner would be constructed first 
(illustrated as Phase 1). A temporary leachate collection system, storm water collectioddiversion 
system, and working berm would be used to manage runoff water during construction. Control 
measures such as spraying with water or surfactants would also be employed to mitigate fugitive dust 
emissions during construction activities. Upon completion of the dike section, liner section, and 
leachate/storm water controls, waste material would be placed and compacted in lifts adjacent to the 
berm. The waste material would be placed in lifts to near the top of the clean fill berm and capped 
with an intermediate cover. The intermediate cover would most likely consist of a clay soil which 
also acts as the contour layer. A portion of this contour layer would be incorporated into the final 
disposal cell cap upon completion of the entire disposal cell. The working face and lift area would be 
limited to minimize the area exposed to weather during construction. During waste placement in 
Phase 1, construction of the next phases would progress as illustrated in Figure L.6-3. 

It is feasible to prepare only one working cell in advance. Working cells would also be sized to 
handle one construction season's production (i.e. six months to one year). The weathering of basal 
and side liner materials (i.e., geomembranes degrade slowly in sunlight and clays desiccate when 
exposed) permits only a limited time for exposure to climatic elements. The initial lifts of waste next 
to the basal liner need to be select waste material, free of stones greater than 3 inches in size, rubble, 
and similar protruding objects. This layer should be placed 2 to 4 feet thick to prevent earthmoving 
equipment from puncturing the basal liner. Similarly, select waste material should be used next to the 
cover and the sidewall liner. Excavation and waste placement operations would incorporate this need 
for select material in their operations. Stockpiling of select waste material or reserving a waste 
borrow area would be necessary. 

The size of individual modules would be planned based upon the remediation schedule, anticipating 
the amount of waste material to be disposed of over a given construction period. The modular 
concept allows for segregating the waste material within the disposal cell. Additional clean fill or 
residual waste soil could be used to construct berms upon the liner within the cell footprint to create 
subunit cells to facilitate waste management within the disposal cell. In a similar manner, the leachate 
collection and leak detection systems could be designed to collect leachate and monitor for leaks 
within individual subunits. 
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During cell construction, the area inclusive of the disposal cell and support facilities would be a 
controlled area. All vehicles exiting the controlled area must pass through a wheel 
washing/radiological screening station to minimize the spread of contamination to clean areas of the 
FEMP site. 

L.6.4 WASTE PLACEMENT 
Waste placement operations would be conducted concurrently with waste cell construction and cover 
installation. This is necessary to prevent basal liner materials, such as clays and geomembranes, from 
deteriorating before use. The active working face of the waste placement area would be kept 
relatively small over a short time, thus minimizing contaminated storm water runoff and exposure to 
wind erosion. The waste material placed in the disposal cell includes untreated contaminated soil, 
sediment and gravel. 

Excavated contaminated soil and sediment would be transported to the disposal cell by roll-off 
container trucks. Temporary haul roads into the working cell area would need to be constructed and 
continuously modified as waite material placement expands in area and height. Construction of these 
temporary haul roads can be coordinated with the construction of adjacent future cell berms to 
minimize the earthmoving effort. The roll-off container trucks would dump the waste at the edge of 
the working cell. Earthmoving equipment, solely dedicated to waste placement operation within the 
cell, would spread and compact the waste in lifts. For example, a typical lift might be material 
spread 12 inches thick and compacted with a minimum of 4 equipment passes. Gravel would be 
placed in thin lifts in a manner that maximizes the ability to compact the material, and minimizes void 
space. 
to minimize the potential for settlement of the final cap. A methods compaction specification for each 
type of the various major waste forms would be developed. Test pads of the various waste forms 
anticipated for placement would be constructed to determine the most suitable method and equipment 
for compaction. 

Acceptable compaction and minimization of void space within the waste material are critical 

Control measures such as water misting or surfactants would be used to mitigate dust releases during 
waste material placement. Periodic monitoring, including sampling and analysis of airborne 
particulates, would be conducted to ensure the effectiveness of dust control measures. To control 
contamination spread from wheel traffic, the earthmoving equipment placing the waste material within 
the cell would remain within the confines of the working cell, exiting only for maintenance. Roll-off 
container trucks delivering waste material to the disposal cell would have their wheels washed and 
radiologically screened for contamination before returning to the excavation site. A separate 
earthmoving crew would handle construction of berms, disposal cell basal liners, temporary haul 
roads and intermediate cover in clean work zones. 

An interim outdoor waste stockpile area would be maintained adjacent to the working cell. The area 
would be large enough to accommodate several days to a week's capacity of excavation. The 
stockpile would be used during periods of inclement weather when waste material placement is not 
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possible, and during periods of equipment downtime. The area also allows for some surge capacity, 
when excavation capacity exceeds placement capabilities. The stock pile area would be a lined pad 
with curbs and sump, or an extension of the working cell’s basal liner. Provisions for covering the 
waste material in the stockpile with membranes or tarps and good positive drainage would be 
incorporated into the operating plan. Waste material from the stockpile would be placed into the 
working cell when weather conditions permit and during periods of slow excavation production. 

D 

L.6.5 MATERIALS AND SUPPORT FACILITIES 
In addition to the outdoor contaminated waste material stockpile area and wheel washing/radiological 
screening station already mentioned, a staging area would be required for clean construction materials 
sufficiently sized to support the phased construction of the disposal cell. A covered facility for 
storage of the synthetic liner and cap materials would be needed to protect those materials sensitive to 
sunlight. 

Construction materials would include bulk earthen materials (soil, sand, gravel, cobble, etc. ,) for 
berm, cap, and liner, as well as synthetic materials (HDPE, geosynthetics, etc.) for cap, liner, and 
drainage systems. Additional materials would be needed to support storm water management (i.e., 
working berm; temporary piping, etc.), though much of this material would be reused as construction 
progresses. 

D L.6.6 MONITORING. MAINTENANCE. AND INSTITUTIONAL REOUIREMENTS 
A long-term groundwater monitoring program would be implemented in support of any alternative 
using an on-property disposal cell upon final closure. A series of monitoring wells would be installed 
around the boundary of the cell. The wells would be located in pairs, with one well installed in the 
glacial overburden and one well installed in the Great Miami Aquifer. For this study, it was assumed 
that one well pair would be placed every 150 linear feet around the disposal cell boundary. The 
actual number and locations of wells would be based on the engineered and naturally occurring 
hydrogeologic characteristics of the final disposal cell location. 

The on-property disposal cell would require long-term maintenance and surveillance to ensure the 
continued performance of the system. The access manholes for the leachate collection/detection 
system would be monitored to ascertain the system’s performance and efficiency. Collected leachate 
would be removed by pipeline to the AWWT for treatment until the AWWT is removed from service. 
Periodic maintenance, including inspection and groundskeeping of the vegetative cover, clearing of 
engineered surface water drainage ways, and inspection of the cap and berm integrity would be 
required. Inspections are assumed to be completed at the time of collection of groundwater 
monitoring samples. Maintenance, except as specifically required in response to inspection findings, 
is assumed to be conducted twice per year. 

Consistent with CERCLA and the terms of the Amended Consent Agreement, reviews would be 
conducted no less often than every five years after completion of remedial actions to assure that 
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human health and the environment are continuing to be protected at the site. These reviews would be 
performed by EPA, in consultation with OEPA. If, upon completion of such review, it is the 
judgment of the EPA that additional remedial actions or modifications to existing remedial systems 
are required, such actions would be implemented pursuant to the terms of the Amended Consent 
Agreement. 

The footprint of the disposal cell area and any surrounding buffer areas would be fenced, delineated 
with permanent monuments, and maintained under the perpetual ownership of the federal government. 
Deed restrictions would be recorded to note the existence of the buried materials and to prohibit 
intrusive activities into these areas. Through perpetual rights of ownership for the affected land 
parcels and continued surveillance and maintenance of the disposal cell, the potential for human 
intrusion to the buried contaminated materials would be eliminated. The potential for development of 
the disposal area would be minimized or completely eliminated. Perpetual care of the disposal cell 
area would continue under the DOE or another federal agency, such as the U.S. Department of 
Interior. 
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L.7.0 BACKFILL 

D This component involves the restoration of excavated areas by backfilling, regrading, and placing 
topsoil and a vegetative cover: In areas where the excavation activities impact the gray clay layer of 
the glacial overburden, the backfilled material would be augmented to ensure that the permeability of 
the backfill would be at least equivalent to that of the native material. For all alternatives, excavated 
areas would be backfilled with segregated clean soil and clean fill material borrowed from other areas 
on site or imported from off site. However, importation of backfill materials from off site sources 
would be minimized to the extent possible. Backfilling, regrading, and vegetation of excavated areas 
would enhance surface water drainage management, would provide an engineered base for the 
construction of other remedial action components (e.g., consolidation area), and would provide the 
topographic and aesthetic enhancements necessary for restricted and unrestricted land use. 

The backfill component is included as a support technology for all remedial alternatives which 
contemplate soil excavation. The footprint of the backfilled area would be determined by that of the 
excavation area (see excavation component description, Section L. 1 .O). Backfilling of excavated areas 
would be minimized in that the majority of the site would be regraded to control water runoff. 
Deeper excavations, especially in the process area, would be backfilled to blend in with the new 
topography. Additional water collection ponds would not be created and the storm water management 
system would be designed to drain s todsurface water away from the FEMP site. Backfill materials 
would consist of both clean soil (less than PRLs) identified and segregated during excavation, and 
clean materials borrowed from other areas on site. All references to the use of clean borrow materials 
from on-site sources in this study imply that if sufficient quantity of material is not available on site, 
additional clean backfill materials will be imported from off-site sources. In those areas where 
excavated soil would include portions of the gray clay layer of the glacial overburden or in areas 
where the construction of former production area facilities previously breached the gray clay layer, 
backfill material would be augmented by adding bentonite to achieve a final permeability at least 
equivalent to that of the native material. Batch tests, using samples of both on-site borrowed soil and 
clean on-property segregated soil, would be conducted during remedial design to optimize the 
soilbentonite mix. 

B 

L.7.1 DESIGN CONSIDERATIONS 
The conceptual design of the representative backfill process selected to support the detailed analysis of 
alternatives includes the following design considerations: 

Minimize potential subsidence through compaction techniques 

Provide for soil augmentation with bentonite before backfilling in those areas where 
excavation of gray clay occurs or where previous activities breached the gray clay 

Minimize the need for borrow backfill materials from on site sources by efficiently 
using segregated, clean soil identified during excavation 
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0 Minimize erosion and promote evapotranspiration through the use of grading and a 
vegetative cover. 

L.7.2 BACKFILL DESIGN 
Upon consideration of the above, the backfill configuration depicted in Figure L.7-1 was selected as 
the conceptual basis for the detailed analysis of alternatives. The figure depicts a cross section of a 
typical backfilled area finished with a layer of common fill, topsoil, and a vegetative cover. 

L.7.3 BACKFILL OPERATIONS 
Backfill operations would start once contamination surveys (as previously described in the excavation 
component) certify that excavated areas meet the established PRLs. Conventional earth-moving 
equipment such as bulldozers, wheel-tractor scrapers, soil compactors, and wheel loaders would be 
the primary pieces of equipment used for backfill operations. The type and size of equipment used 
would depend upon the shape and size of the area to be backfilled. Backfill operations would be 
conducted 8 hours per day, 5 days per week. Large, shallow excavations would be backfilled using 
bulldozers. Bulldozers are most versatile for backfilling operations and would be used to drag and 
spread materials for rough and finish grading. Soil compactors could be used to achieve a higher 
production rate, as they are equipped with front and rear rolling drums and can achieve compaction 
with fewer passes than a bulldozer. 

Excavated areas would be backfilled-first using available clean soil stockpiles before borrowing 
additional clean fil l  materials from on-site sources. Clean soil segregated during the excavation 
process would be moved from the segregation area to the backfill construction site. Soil stockpiles 
would be wetted and/or covered to minimize dust fugitive emissions. Periodic monitoring, including 
sampling and analysis of airborne particulates, would be conducted to ensure the effectiveness of dust 
suppression measures. 

Backfill material would be placed in 8-inch lifts and compacted to achieve a 95 percent Standard 
Proctor. Deeper excavations would be backfilled and compacted using hydraulic hammer equipment. 
The hammer attachment would be mounted on a hydraulic excavator boom and powered by the 
excavator. Excavated areas would first be backfilled to a level that provides enough room to 
maneuver a soil compaction unit. At locations involving backfill in the gray clay, fi l l  material would 
be blended with bentonite before emplacement and compaction. Bulldozers and soil compactors 
would then be deployed inside the excavation to continue grading operations. Areas backfilled with 
only clean, segregated soil from on property and/or clean borrowed soil from on-site sources would 
be brought to within 6 inches of the desired final grade. A 6-inch minimum layer of topsoil would 
then be placed as the final cover. All disturbed areas would be revegetated to control erosion. 
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L.7.4 STORM WATER CONTROL 
Storm water run-on would be diverted around active backfill areas. During construction, silt fences 
would be used to control suspended solids present in storm water runoff from the backfilling site. 
Regrading would be designed to integrate surface water runoff with the overall site surface water 
management system. 

L.7.5 MATERIALS AND SUPPORT FACILITIES 
Backfill materials would be excavated from on-property borrow areas and transported by dump 
trucks, as necessary. A staging area for clean construction materials would be required and would be 
integrated with the staging area for other components requiring clean fill. 

L.7.6 MONITORING, MAINTENANCE. AND INSTITUTIONAL REOUIREMENTS 
Areas backfilled only with clean, segregated soil and/or clean borrowed soil would not require long- 
term monitoring, nor would they be included in the scope of CERCLA five-year reviews. Consistent 
with the potential future land use configurations of the FEMP, some of these areas would be included 
in portions of the FEMP property to be made available for unrestricted, or partially restricted use. 
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L.8.0 LONG-TERM ENVIRONMENTAL MONITORING 

L.8.1. INTRODUCTION 
This section discusses the general approach to long-term environmental monitoring at the FEMP 
during site cleanup and after final closure of on-site waste management facilities (e.g., disposal cell, 
consolidation areas). In general, environmental monitoring can be grouped into three broad 
categories: air pathway liquid pathway - effluent and surface water and liquid pathway - 
groundwater. A brief description of the current environmental monitoring program is provided in 
Section L.8.2. The current program provided the baseline that was used to estimate future 
environmental monitoring requirements and associated costs as cleanup and closure of on-site waste 
management facilities progresses. Section L. 8.3 describes the anticipated changes in the 
environmental monitoring program during site remediation and post remediation. Section L. 8.4 

provides additional details regarding anticipated groundwater and air monitoring activities during site 
cleanup. 

L.8.2. CURRENT FEMP ENVIRONMENTAL MONITORING PROGRAM 
The FEMP currently implements an environmental monitoring program and conducts activities 
associated with three broad monitoring categories. 

The air pathway monitoring includes the following activities: 

Soil sampling for uranium 
Grass sampling for uranium 
Produce sampling for uranium 
Milk sampling for radionuclides 

0. Monitoring for direct radiation 
Monitoring for nonradioactive pollutants 

Air sampling for radioactive pollutants 

Radon sampling. 

The liquid pathway effluent and surface water monitoring includes the following activities: 

Effluent Sampling for Radionuclides 

Sediment Sampling for Radionuclides 
Fish Sampling f i r  Uranium 
Sampling for Nonradioactive Pollutants 

Surface Water Sampling for Radionuclides 

The liquid pathway groundwater monitoring includes the following activities: 

Private well sampling for uranium 
FEMP well network sampling for uranium 
FEMP well network sampling for other radionuclides 
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RCRA sampling 

Private well sampling for metals 
FEMP well network sampling for hazardous substances 

3 

Table L.8-1 provides a summary of the current FEMP environmental monitoring program based on 
information presented in the 1993 site environment report. The table provides a baseline to evaluate 

4 

5 

6 anticipated changing environmental monitoring requirements as site cleanup is conducted. 

The annual cost to implement the baseline environmental monitoring program described in Table 
L.8-1 is estimated to be approximately $2,000,000. This cost does not include the baseline 
groundwater monitoring program, which is estimated to cost an additional $4,000,000 annually. 

.-I 

8 

9 

L. 8.3. PROJECTED ENVIRONMENTAL MONITORING PROGRAM 10 

Based upon current remediation strategies, the cleanup for the overall FEMP site can be divided into 
three general time periods that would require varying degrees of environmental monitoring: 

I I  

12 

1) Construction monitoring period 13 

2) Disposal facility postclosure.and continued water treatment short-term monitoring period 14 

I* 
3) Disposal facility post-closure long-term monitoring period. 

The subsections below describe the general activities that will occur during each monitoring period 
and the environmental monitoring activities that will be required. 

16 

17 Long-term monitoring will be used 
to validate modeling results. 18 

L.8.3.1 Construction Monitoring Period- 
During the construction monitoring period, extensive construction activity is anticipated on the site 
property. Site buildings and the supporting infrastructure will be dismantled or demolished and 
disposed of. Shipments of wastes designated for off-site disposal will be transported off site. 
Excavation of contaminated soil and contaminated perched groundwater areas will be undertaken. 
Construction, filling with waste, and closure of on-site disposal facilities (e.g., disposal cell, 
consolidation areas) will be completed. 
Aquifer by pumps, leachate from the disposal cell, contaminated storm water, and other cleanup- 
derived wastewaters would be treated at on-property treatment facilities. Effluent from the on- 
property treatment facilities would be discharged to the Great Miami River. The anticipated duration 
of this period is 22 years. 

Contaminated groundwater extracted from the Great Miami 
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TABLE L.8-1 

SUMMARY OF CURRENT FEMP ENVIRONMENTAL MONITORING PROGRAM 

Activity Description Sampling Locations 

Air sampling for radioactive 
pollutants 

Air Pathway 

Monitoring of overall site emissions (fugitive and stack 
emissions) through the use of 20 air monitoring stations 
(AMS) which operate continuously 

Soil sampling for uranium 

Grass sampling for uranium 

Produce sampling for uranium 

Milk sampling for 
radionuclides 

Site technicians collect annual soil samples at the AMSs and 
off-site locations to evaluate changes in uranium 
concentrations that might occur through deposition, soil 
resuspension, and other mechanisms 

Site technicians collect annual samples of grass at the same 
locations of the annual uranium soil samples. Uranium 
contamination in vegetation may result from the transfer of 
uranium from the soil through absorption by the plant, 
deposition of eroded soil, or from uranium deposited on the 
surface of the plant from the air 

Technicians sample produce each year to determine if 
uranium concentrations near the site (0-3 miles) are higher 
than concentrations in produce grown at distant locations (7- 
26 miles) 

Technicians collect monthly samples of milk from the dairy 
located adjacent to the FEMP and from a dairy in Indiana. 
Samples of milk are analyzed for radionuclides, including 
uranium, thorium, technetium, radium, strontium, cesium, 
and lead. 

Six stations at site fence line; 3 stations on-site; 5 
stations at schools and industries near the site; 2 
stations for additional background data (Cincinnati and 
Miamitown. Ohio); 4 stations in waste pit area 

Nine on-site locations; 
22 off-site locations 

Nine on-site locations; 
22 off-site locations 

22 off-site locations 

Dairy located adjacent to the FEMP; dairy located 
about 23 miles west of the FEMP 



Monitoring for direct 
radiation 

Monitoring for nonradioactive 
pollutants 

Air Pathway ' 

Direct radiation levels at and around the site are continuously 
measured with thermoluminescent dosimeters (TLDs) 

The site estimates the amount of nonradioactive pollutants 
from its coal fired boilers including sulfur dioxide (SO,), 
nitrogen oxide (NO,), and carbon monoxide, using 
determined sulfur content of the coal and EPA-deve!oped 
emission factors. Particulate emissions are estimated based 
on emission factors developed from stack testing conducted in 
1988. Opacity of emissions is continuously monitored by 
instruments. 

The site uses two types of radon detectors to measure radon 
concentrations in the environment: alpha-track etch detectors 
and alpha-scintillation detectors 

A-1 
(Continued) 

2 :5 . . .  
2 .  Activity Description Sampling Locations , .  

Radon sampling 

29 on- and off-site locations 

Two site coal-fired boilers 

Alpha-track etch detectors: 20 .>cations at the site 
boundary, 3 area residences and four background 
locations 

Alpha-scintillation detectors: continuous monitoring at 
three fence line locations. Continuous monitoring at 
various locations on site including the perimeter of the 
silo berms and headspace of the silos (monitoring of 
the silos uses 24 detectors) 



TABLE L.8-1 
(Continued) 

Activity Description Sampling Locations 

Liquid Pathway ; 

Effluent sampling for 
radionuclides 

Currently the site’s liquid effluent is categorized into 11 
general sources (see Figure 1): 

1) Waste pit perimeter storm water runoff 
2) Waste pit area storm water 
3) Perched groundwater (from areas within former 
production area, volatile organic compounds) 
4) Plant effluent and pad storm water 
5) Boiler plant blowdown and coal pile runoff 
6) Water plant effluent 
7) Lime sludge ponds decants 
8) Laundry and sanitary sewage effluent 
9) Production area storm sewers 
10) Parking lot runoff 
11) South Plume groundwater 
The site controls site-generated liquids, monitors and treats 
them as necessary before they all eventually enter Manhole 
176B. There the effluents combine to form a single liquid 
effluent to the Great Miami River. 

The mixed effluent is sampled at Manhole 175 and 
SP3 by automatic flow-proportional samplers to 
provide a daily flow-weighted sample of the effluent. 
A portion of each daily sample of effluent flowing 
through Manhole 175 and SP3 is analyzed for total 
uranium to determine the amount discharged to the 
Great Miami River. 

In addition, monthly composites are formed for 
Manhole 175 and SP3 by combining the month’s daily 
samples at each location. The monthly composites are 
analyzed for four uranium isotopes and nine other 
radionuclides (trace radionuclides) 

The site also monitors any discharges that occur from 
the overflow of the storm water retention basin 
(SWRB). 



TABLE L.8-P 

.,. (Continued) 

Activity Description Sampling Locations 

Liquid Pathway 

Surface water sampling for 
radionuclides 

The site’s surface water sampling program measures the 
effects of two potential sources of contamination to local 
waterways: 

1) The discharge of liquid effluents into the Great Miami 
River. 

2) Uncontrolled storm water runoff into Paddys Run and 
overflow from the SWRB. 

Weekly, the FEMP lab analyzes one of the daily samples 
from each of the Great Miami River sampling locations for 
total uranium. Portions of the daily samples are combined to 
form weekly and monthly composites for each location which 
are analyzed for radium-226.and radium-228. Six-month 
composite samples, prepared from the individual monthly 
composites, are analyzed for cesium- 137, strontium-90, and 
technetium-99. 

Weekly grab samples along Paddys Run and a drainage ditch 
are analyzed for total uranium; radium was tested for in 
monthly composites. 

. (. 

Three locations along the Great Miami River: one 
upstream of the site’s effluent discharge, two 
downstream 

Five on-site locations along Paddys Run 

Three off-site locations along Paddys Run 

One location along the drainage ditch originating near 
the pilot plant 



TABLE L.8-1 
(Continued) 

Activity Description . Sampling Locations 

Sediment sampling for 
radionuclides 

Fish sampling for uranium 

Sampling for nonradioactive 
pollutants 

Liquid Pathway 

Sampling and analysis of sediments provide a way to evaluate 
the possible cumulative effects of routine discharges of 
treated effluent into the Great Miami River and the effects of 
storm water runoff into Paddys Run. 

Once a year, technicians collect sediment samples only at 
those locations where sediment is most likely to accumulate. 
All samples are analyzed for total uranium. Samples taken 
from the SSOD. Paddys Run above the SSOD, and Paddys 
Run were also analyzed for radium-226 and isotopes of 
thorium. 

Fernald site personnel, with the help of a research team from 
the University of Cincinnati, collect fish by electofishing. 
The fish are analyzed for uranium. Once a year the sampling 
team collects fish at three locations along the Great Miami 
River. 

The National Pollutant Discharge Elimination System 
(NPDES) permitting process for the FEMP site is under the 
jurisdiction of the State of Ohio to control the discharge of 
nonradioactive pollutants to Ohio waters. The permit 
specifies sampling locations, sampling and reporting 
schedules, discharge limits and other restrictions on the site’s 
effluents discharged to the Great Miami River. (A total of 
4020 samples were collected in 1993 in support of the 
NPDES compliance monitoring. NPDES samples were not 
taken from Paddys Run in 1993 since the SWRB did not 
overflow). 

Eight locations at 33-foot intervals along the storm 
sewer outfall ditch (SSOD) 

Nine locations along the Great Miami River 
Twelve locations along Paddys Run north of the 
SSOD 
Twelve locations along Paddys Run south of the 
SSOD 
Four background locations along Paddys Run, north of 
the site 

River mile (RM) 38 - below the Route 127 bridge, 
North of Hamilton, Ohio 

RM 24 - at the FEMP’s effluent discharge point 

RM 19 - at the outfall point of Paddys Run 

Current NPDES monitoring locations include (see 
Figure 1): 
Discharge 001 - Manhole 175 to Great Miami River 
Discharge 002 - SWRB spillway to Paddys Run 
Discharge 601 - sewage treatment plant 
Discharge 602 - general sump 
Discharge 604 - lift station 
Discharge 605 - bioreactor 
Discharge 606 - retention basin or SWRB 



TABLE L.8-1 
(Continued) 

Activity Description Sampling Locations 

Private well sampling for 
uranium 

FEMP well network sampling 
for uranium 

FEMP well network sampling 
for other radionuclides 

Private well sampling for 
metals 

FEMP well network sampling 
for hazardous substances 

Liquid Pathway Groundwater 

At a property owners request, any drinking water well near 
the site will be sampled for uranium to gain additional 
information about local groundwater quality, and the one-time 
sample results are reported to the well owner. If one of these 
"special request" samples shows a questionable or significant 
total uranium concentration, or if the well is believed to be 
representative of an area based on its location, the property 
owner has the option to participate in the routine sampling 
program. 

A Comprehensive Groundwater Monitoring Program 
encompasses all sampling of site-owned monitoring wells. 
Site groundwater monitoring personnel do not monitor all 
wells each quarter, nor do they monitor all wells for the same 
constituents. 

The Comprehensive Groundwater Monitoring Program also 
samples for radium-226, radium-228, strontium-90, 
technetium-99, and thorium-232. Gross alpha activity, gross 
beta activity, cesium, plutonium, ruthenium, and neptunium 
are also monitored as indicators of radionuclide 
contamination. 

Samples from private wells are analyzed for 16 metals. 

Various groundwater sampling programs monitor for 
nonradioactive constituents in groundwater to identify areas 
that might have harmful chemical concentrations as a result 
of past and present site activities. 

During 1993, 36 off-site wells belonging to individuals 
and industries in the vicinity of the site were sampled 
monthly or quarterly. 

In 1993, the Groundwater Monitoring Program 
received results from 2003 analyses for total uranium 
from samples at 454 on- and off-site locations. 

I 

The data for the 1993 sampling was not available for 
publication in the 1993 Environmental Report. A 
description of the locations and number of samples 
analyzed was not available. 

During 1993, 36 off-site wells belonging to individuals 
and industries in the vicinity of the site were sampled. 

All site wells are sampled and analyzed for metals, 
volatile organic compounds (VOCs), and water quality 
indicators listed in the National Primary and 
Secondary Drinking Water Standards. 
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TABLE L.8-1 
(Continued) 

Activity Description Sampling Locations 

Groundwater 

RCRA sampling In an effort to integrate CERCLA and RCRA monitoring 
activities under a single program, DOE proposed an Alternate 
Monitoring Program. The program comprised: 

1) Groundwater characterization activities under CERCLA 

RCRA groundwater monitoring activities will be 
incorporated into the Routine Monitoring Program 
comprised of approximately 33 monitoring wells at the 
property boundary. 

2) Quarterly monitoring of the downgradient property 
boundary under the Routine Monitoring Program. 

A Revised Project-Specific Plan was submitted to OEPA in 
October of 1993 and defined the objectives of the Routine 
Monitoring Program. This program comprised 33 monitoring 
wells at the property boundary, including the monitoring 
wells installed.for the downgradient monitoring network 
defined in the RCRA Groundwater Monitoring Plan. 
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Table L. 8-2 summarizes the environmental monitoring program elements that would be required 
during this period and comments regarding changes in the program with respect to the baseline 
environmental monitoring program. 

L.8.3.2 Disposal Facilitv Postclosure and Continued Waste Water Treatment Short-Term Monitoring Perio 
The disposal facility postclosure and continued water treatment monitoring period follows the 
construction monitoring period. During this period, the on-property treatment facilities continue to 
operate in support of the treatment of extracted groundwater and leachate from the on-property waste 
disposal facility. The anticipated duration of this monitoring period is approximately 8 or 53 years 
following final closure of the last on-property waste disposal facility, depending upon the groundwater 
cleanup goals (described in Section L.9.0). 

Table L.8-3 summarizes the environmental monitoring program activities that would be required 
during this period and comments regarding changes in the program with respect to the construction 
environmental monitoring program. 

L.8.3.3 Disposal Facilitv Postclosure Long-Term Monitoring Period 
The disposal facility post-closure long-term monitoring period begins when groundwater pumping is 
no longer required and the groundwater treatment facility is removed from service and dismantled. 
During this period, only the closed on-property waste disposal facilities will require monitoring. This 
long-term monitoring will consist of groundwater and direct radiation monitoring, (typically at fence 
line locations). The duration of this monitoring period has not been established. 

Table L.8-4 summarizes the environmental monitoring program activities that would be required 
during this period and comments regarding changes in the program with respect to the previous short- 
term environmental monitoring program. Section L. 8.4 provides additional details regarding the 
projected groundwater and air monitoring activities. 

L.8.4. ADDITIONAL GROUNDWATER MONITORING DETAILS 
As described in Section L.8.3, groundwater and air monitoring activities will continue during and 
after completion of remedial activities. Some details of these groundwater and air monitoring 
activities are described below. ' 

L.8.4.1 Groundwater Monitoring 
The primary purpose of groundwater monitoring is to evaluate the effectiveness of the various 
remedial action components through early detection of constituents of concern (COCs) that may be 
released into the groundwater. Additionally, the monitoring is used to assess the performance of the 
groundwater extraction system. To that end, groundwater monitoring wells would be installed and 
sampled over a specified time period to provide performance data for the remedial action components. 
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TABLE L.8-2 

SUMMARY OF ENVIRONMENTAL MONITORING PROGRAM DURING THE CONSTRUCTION MONITORING PERIOD 

Monitoring 
Activity Activity Required Comments 

Air sampling for 
radioactive pollutants 

Soil sampling for 
uranium 

Grass sampling for 
uranium 

Produce sampling for 
uranium 

Milk sampling for 
radionuclides 

Monitoring for direct 
radiation 

Monitoring for 
nonradioactive 
pollutants 

Radon sampling 

Yes 

Yes 

Yes 

Yes 

Yes 

Air Pathway 

Yes Increased air sampling primarily with portable air samplers in localized areas where construction 
activities will generate fugitive emissions. Air monitoring will be incorporated into any new remediation 
facility design, as required. Upon final closure of the on-site waste disposal facilities, permanent air 
monitoring stations (AMS) will be located principally in the vicinity of the waste disposal facility. 

Soil sampling will continue at the currently established AMS locations (see Table 1) and be discontinued 
upon final closure of all on-site waste disposal facilities. 

Grass sampling will continue at currently established AMS locations (see Table 1) and be discontinued 
upon final closure of all on-site waste disposal facilities. 

Produce sampling will continue at the current level of effort and be discontinued upon final closure of 
all on-site waste disposal facilities. 

Milk sampling will continue at the current level of effort and be discontinued upon final closure of all 
on-site waste disposal facilities or cessation of grazing on the FEMP site. 

Direct radiation monitoring will continue at the current level of effort. Upon final closure of the on- 
site waste disposal facilities, direct radiation monitoring (TLDs) will be located principally in the 
vicinity (along the fence line) of the waste disposal facility. 

Air monitoring for nonradioactive pollutants will continue as long as the coal-fired boilers remain in 
service, then discontinued. Air monitoring will be incorporated into any new remediation facility 
design, as required. 

Increased radon sampling primarily with portable samplers in localized areas where construction 
activities will generate radon emissions. Radon monitoring will be incorporated into any new 
remediation facility design, as required. 

Yes 

Yes 



TABLE 
(Continued) 

Activity 

Effluent sampling for 
radionuclides 

Surface water sampling 
for radionuclides 

Sediment sampling for 
radionuclides 

Fish sampling for 
uranium 

Sampling for 
nonradioactive 
pollutants 

Yes 

Yes 

Yes 

Monitoring 
Activity Required Comments 

Liquid Pathway Effluent and Surface Water 

Yes Effluent monitoring will continue. The level of effort is expected to decline as existing facilities are 
removed from service and demolished. At the end of the construction monitoring period, only the 
effluent from the wastewater treatment plant will require monitoring. 

Surface water monitoring will continue. The level of effort is expected to initially increase as 
excavation and disposal facility construction are undertaken, then decline as areas are clean-closed and 
on-site disposal facilities are final closed. Upon final closure of all on-site waste disposal facilities, 
surface water monitoring with the exception of the Great Miami River monitoring will be discontinued. 
Great Miami River monitoring will continue until cessation of the groundwater pump and treat activity. 

Sediment sampling will continue. The level of effort is expected to initially increase as excavation and 
disposal facility construction are undertaken, then decline as areas are clean-closed and on-site disposal 
facilities are final closed. Upon final closure of all on-site waste disposal facilities, sediment monitoring 
will be discontinued. 

Fish sampling will continue at the current level of effort while effluent from the site is discharged to the 
Great Miami River. The need for this sampling will be assessed throughout remedial actions to ensure 
its continued usefulness. 

National Pollutant Discharge Elimination System monitoring will continue in compliance with the permit 
in effect. The level of effort is expected to decline as existing facilities are removed from service and 
demolished. At the end of the construction monitoring period, only the effluent from the wastewater 
treatment plant will require monitoring. 

Yes 



TABLE L.8-2 
(Continued) 

Monitoring 
Activity Activity Required Comments 

Liquid Pathway Groundwater 

Private well sampling 
for uranium and metals 

FEMP well network 
sampling for uranium, 
other radionuclides, 
and hazardous 
substances 

Yes This activity will continue until the alternate drinking water supply has been provided. Surveillance 
activities will continue to ensure that there are no additional users of affected groundwater. 

This activity will continue with a reduced set of radionuclide and hazardous chemical indicator 
parameters. It is anticipated that the level of effort will decline as site hydrogeology and contaminant 
plumes are fully characterized, and extraction systems are installed and put into operation. At the end 
of the construction monitoring period it is anticipated that groundwater monitoring wells will be used 
only for 1) monitoring the status of aquifer cleanup in the vicinity of the extraction wellfields, 2) 
monitoring for leaks along groundwater extraction system pipelines and 3) groundwater monitoring in 
the vicinity of on-site waste disposal facilities 

Yes 

RCRA sampling Yes This sampling will continue in accordance with requirements in effect at the time. It is anticipated that 
the level of effort for this activity will be integrated into an overall groundwater monitoring program for 
the site. 

I 



TABLE L.8-3 

SUMMARY OF ENVIRONMENTAL MONITORING PROGRAM DURING THE DISPOSAL 
FACILITY POST CLOSURE AND CONTINUED WASTE WATER TREATMENT SHORT-TERM MONITORING PERIOD 

b 
2 - Monitoring 
W 

Activity Activity Required Comments 
% 

Air sampling for 
radioactive pollutants 

Soil sampling for 
uranium 

Grass sampling for 
uranium 

Produce sampling for 
uranium 

Milk sampling for 
radionuclides 

Monitoring for direct 
radiation 

Monitoring for 
nonradioactive 
pollutants 

Radon sampling 

Effluent sampling for 
radionuclides 

Surface water sampling 
for radionuclides 

Sediment sampling for 
rasnucl ides  

Yes 

No 

No 

No 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

Air Pathway Monitoring 

Permanent air monitoring stations will be located principally in the vicinity of the waste disposal 
facilities. Air monitoring will be conducted at the waste water treatment plant as required. 

Soil sampling will be discontinued upon final closure of all on-site waste disposal facilities. 

Grass sampling will be discontinued upon final closure of all on-site waste disposal facilities. 

Produce sampling will be discontinued upon final closure of all on-site waste disposal facilities. 

Milk sampling will be discontinued upon final closure of all on-site waste disposal facilities. 

Upon final closure of the on-site waste disposal facilities, direct radiation monitoring (TLDs) will be 
located principally in the vicinity (along the fence line) of the waste disposal facility. 

Air monitoring will be conducted at the waste water treatment plant as required. 

permanent radon monitoring equipment will be located principally in the local vicinity of the waste 
disposal facilities. 

Liquid Pathway Monitoring: Effluent and Surface Water 

Only the effluent from the wastewater treatment plant will require monitoring. Monitoring will be 
discontinued once compliance with applicable or relevant and appropriate requirements has been 
demonstrated. 

Sampling of surface water at the Great Miami River locations will continue as long as the wastewater 
treatment plant continues to discharge effluent. 

Upon final closure of all on-site waste disposal facilities< sediment monitoring will be discontinued. - 

, A -  



TABLE L.8-3 
(Continued) 

Activity 

Fish sampling for 
uranium 

Sampling for 
nonradioactive 
pollutants 

Private well sampling 
for uranium and metals 

FEMP well network 
sampling for uranium, 
other radionuclides and 
hazardous substances 

RCRA sampling 

Monitoring 
Activity Required Comments 

Yes The need for this sampling will be assessed throughout remedial actions to ensure its continued 
usefulness. 

National Pollutant Discharge Elimination System monitoring will continue in compliance with the permit 
in effect. Only the wastewater treatment plant effluent will require monitoring. 

Yes 

Liquid Pathway Monitoring: Groundwater Water Monitoring 

Alternate drinking water supply will have been provided; Great Miami Aquifer groundwater 
contamination will be contained and/or cleanup will be in progress. 

This activity will continue for a reduced set of radionuclide and hazardous chemical indicator 
parameters. I t  is anticipated that groundwater monitoring wells will be used only for 1) monitoring the 
status of aquifer cleanup in the vicinity of the extraction wellfields installed in areas with groundwater 
radionuclide contamination, 2) monitoring for leaks along groundwater extraction system pipelines and 
3) groundwater monitoring in the vicinity of on-site waste disposal facilities 

No 

Yes 

Yes This sampling will continue in accordance with requirements in effect at the time. It is anticipated that 
the level of effort for this activity will be integrated into an overall groundwater monitoring program for 
the site. 



TABLE L.8-4 

SUMMARY OF ENVIRONMENTAL MONITORING PROGRAM DURING THE DISPOSAL FACILITY 
POST CLOSURE LONG-TERM MONITORING PERIOD 

Monitoring Activity 
Activity Required Comments 

Air sampling for 
radioactive pollutants 

Monitoring for direct 
radiation 

Monitoring for 
nonradioactive 
pollutants 

Radon sampling 

Effluent sampling for 
radionuclides 

Surface water sampling 
for radionuclides 

Fish sampling for 
uranium 

Sampling for 
nonradioactive 
pollutants 

FEMP well network 
sampling for uranium, 
other radionuclides, and 
hazardous substances 

RCRA sampling 

No 

Yes 

No 

No 

No 

No 

No 

No 

Yes 

Yes 

Air Pathway 

Air monitoring conducted at the waste water treatment plant will no longer be required. 

Thermoluniin dosimeters will be located principally in the vicinity (along the fence line) of the waste disposal 
facility. 

Air monitoring conducted at the Waste Water Treatment Plant will no longer be required. 

Tendency on previous data not expected to require continued radon monitoring at on-site waste facilities. 

Liquid Pathway Effluent and Surface Water 

No Wastewater Treatment Plant effluent discharges. 

No Wastewater Treatment Plant effluent discharges. 

No Wastewater Treatment Plant effluent discharges. 

No Wastewater Treatment Plant effluent discharges. 

Liquid Pathway Groundwater 

This activity will continue with analysis for a reduced set of radionuclide and hazardous chemical indicator 
parameters. I t  is anticipated that groundwater monitoring wells will be used only for groundwater monitoring 
in the vicinity of on-site waste disposal facilities. 

This sampling will continue in accordance with requirements in effect at the time. It is anticipated that the 
level of effort for this activity will be integrated into an overall groundwater monitoring program in the 
vicinity of those on-site waste disposal facilities containing PCRA wastes. 
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L.8.4.2 Groundwater Monitoring Design 
General guidelines from the EPA groundwater technical guidance document (US EPA 1992) were 
used in evaluating site-specific monitoring needs regarding the placement and number of monitoring 
wells in the areas of remedial alternative components. The following subsections provide a 
description of the installation of monitoring wells, sampling and analysis, operations and maintenance, 
and well abandonment requirements for groundwater monitoring wells. 

Monitoring Well Installation 
Initially, a groundwater monitoring detection system would be installed in the area of the various 
remedial action components. Figure L.8-1 depicts a typical monitoring well. -A sufficient number of 
monitoring wells would be installed both upgradient and downgradient of each disposal unit so that 
background water quality is established and early detection of contaminant releases is possible. One 
pair of monitoring wells would be installed at about 150-foot intervals around the perimeter of the 
consolidation areas or the disposal cell. One well would be screened in the perched groundwater 
within the glacial till and the other well would be screened in the upper sand and gravel of the Great 
Miami Aquifer. Because local groundwater flow direction and gradients may fluctuate due to 
seasonal variations or pumping of on-and off-property groundwater extraction systems, monitoring 
wells would be installed on all sides of the monitored unit so that certain wells are always 
downgradient for detection purposes. Because final location, size, and configuration of each 
component is not currently known, the exact number of monitoring wells required would be 
determined during remedial design of each component. 

For groundwater extraction, groundwater monitoring wells would be installed in the vicinity of the 
contaminated groundwater plumes to monitor cleanup progress and provide a means for calibration of 
the groundwater model used to assess and tune the extraction system. 

Groundwater Sampling and Analvsis 
The projected operating period for the initial groundwater monitoring program would be consistent 
with the maximum period for which groundwater extraction and treatment is projected to occur 
(described in Sections L.9.0 and L. 10.0). For the purposes of cost estimating, each groundwater 
monitoring well is assumed to be sampled on an annual basis during the active extraction period. 
After this period, it is envisioned that only monitoring specific to on-site disposal units will be 
required. For the cost estimate, a period of 50 years was assumed. 

Water levels would be measured during each sampling event. Routine and quality assurance/quality 
control (QAIQC) samples would be collected from each monitoring well during each sampling event 
and analyzed for uranium-238, technetium-99, neptunium-237, strontium-90, thorium-232, barium, 
cadmium, cyanide, thallium, arsenic, pH, specific conductance, dissolved oxygen, and temperature. 
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Please note that these constituents represent a set of indicator parameters to be used for early 
detection of possible releases from remedial action components. 

Maintenance 
Periodic maintenance of groundwater monitoring wells and purge pumping equipment would be 
required to extend the life of the equipment and collect representative samples. Monitoring wells 
would be evaluated in regard to the wells performance and the condition and integrity of concrete 
pads, posts, locking caps, well caps, protective casings, etc. 

Well Abandonment 
After the completion of long-term monitoring activities, each monitoring well would be plugged and 
abandoned. Each monitoring well casing and screen would be removed by pulling and/or 
overdrilling, removing the annular space material, and filling the entire borehole with grout (i.e., 
Volclay) to within 30 inches of the surface, at which point a concrete plug would be poured to the 
surface. Removed materials would be drummed for proper off-site disposal as contaminated material. 

L.8.5 ADDITIONAL AIR MONITORING DETAILS 
The primary purpose of air monitoring is to provide detection of COCs released into the air during 
excavation and from on-site disposal units during their operational periods. Air monitoring at on-site 
disposal units will continue in the short term after closure until data trends show that air monitoring is 
no longer required. 

L.8.5.1 Air Monitoring Design 
Air monitoring stations will be strategically located on and around the perimeter of major excavation 
sites and on-site disposal units using site-specific meteorological information. Radon monitors will 
also be provided. In addition, monitoring devices will be located off site to provide background 
information. 

L.8.5.2 Air Monitoring Station Sampling and Analvsis 
During contaminated soil excavation and operation of the disposal facilities, personnel will collect 
filters from each station for analysis at weekly intervals. The filters will be tested in a laboratory to 
determine the concentration of uranium. A portion of each sample solution is retained each week to 
prepare an annual composite, which is then analyzed for trace concentrations of other radionuclides 
such as radium, neptunium, plutonium, and thorium. The periodicity will be greater after closure of 
the disposal facilities, based on observed concentrations. 
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Radon monitoring will be accomplished using alpha-track etch or alpha-scintillation detectors. Alpha- 
track etch detectors are replaced every three months to provide long-term radon measurements, while 
alpha-scintillation detectors monitor continuously. 3 

2 

QA/QC samples will be taken periodically to verify results. Also, the FEMP laboratory participates 
in several QA programs conducted by independent organizations. Participation in these external 

4 

S 

6 programs provides unbiased evaluations of the on-site laboratory performance. 
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L.9.0 GREAT MIAMI AQUIFER GROUNDWATER EXTRACTION 

The purpose of the Great Miami Aquifer extraction component is to recover contaminated 
groundwater from the regional aquifer for subsequent treatment. The groundwater recovery is 
necessary to restore the contaminated portions of the aquifer to achieve PRLs. Active restoration 
would be accomplished using groundwater extraction designs comprised of up to four groundwater 
extraction well systems. Pumped groundwater, requiring treatment before discharge, would be sent to 
the groundwater treatment facility (GTF) while groundwater from systems meeting discharge 
requirements would be discharged directly without further treatment. Each system would be operated 
independently with discharge directed appropriately and withdrawn from service once remedial goals 
within an area are achieved. 

Section 4.1 of the main text outlines the overall remedial strategy for the Great Miami Aquifer, 
including the basis for establishing the footprints of the geographic areas requiring remediation. 
From these footprints, SWIFT computer modeling simulations, using the previously constructed and 
calibrated FEMP flow and transport model, were conducted to identify the numbers, locations, and 
flow rates of extraction wells and to assess system performance and remediation times. These 
simulations included sensitivity runs designed to assess the effects of system variables on system 
performance and remediation time frames. From these simulations, two extraction system designs 
have been identified based on two groundwater remediation scenarios. One of these system designs, 
as appropriate, would be included as a component in each of the alternatives carried forward for 
detailed analysis in Section 5.0. The results of the modeling runs conducted for this analysis are 
presented in Appendix F, Fate and Transport Modeling. 

1 

As described in Appendix F, groundwater modeling was performed to evaluate the efficiency of 
various groundwater extraction system designs in reducing the maximum remaining uranium 
concentration in the Great Miami Aquifer to 20 ppb or 3 ppb (representing the MCL and lo6 residual 
risk levels). All of the extraction system designs were modeled with unique well configurations and 
pumping rates to determine the time necessary to achieve the remediation objective. Each design was 
simulated with a baseline desorption K, of 1.78 liter per kilogram (L/kg) based on FEMP Great 
Miami Aquifer data and the model calibration. Since slower desorption makes uranium extraction 
more difficult, a higher K, of 12 L/kg was also simulated to determine a representative upper bound 
of cleanup time. Designs were evaluated based upon their simulated mass removal rate, system 
efficiency, the distribution of remaining uranium, and the average concentrations of contaminants in 
the extracted groundwater (treatment system influent). Depending upon the simulated I<d, cleanup 
times ranged from 30 to 55 years for the cleanup to 20 ppb, and from 70 to 105 years for the cleanup 
to 3 ppb. For the purposes of preparing a cost estimate, times of 30 and 75 years were assumed for 
cleanup to 20 ppb and 3 ppb, respectively. 1 
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4 The remainder of this section provides a description of the Conceptual design of the Great Miami 
Aquifer groundwater extraction system component. This description provides the engineering basis 
for preparing the cost estimates for groundwater extraction as contained in Appendix K. 

1 

2 

3 

L.9.1 DESIGN CONSIDERATIONS 
The conceptual design of the representative Great Miami Aquifer extraction systems selected to 
support the detailed analysis of alternatives includes the following design considerations: 

Q Provide for cleanup of the Great Miami Aquifer groundwater contamination plume to 
levels consistent with the P U S  in a reasonable amount of time at a reasonable 
extraction efficiency. These PRLs translate into aquifer restoration to uranium 
concentration levels of 20 ppb and 3 ppb. 

7 

8 

.9 

IO . 

The representative extraction system designs were developed without regard to 
administrative barriers (e.g., operable unit and FEMP boundaries). For example, Wells 
13, 14 and 15 (as shown on Figures L.9-1 and L.9-2) are located in the South Field which 
is proposed to be capped. In reality, some extraction well locations may change during 
remedial design. 

Extraction system enhancements (e.g., pulse pumping, reinjection, sparging) and design 
optimization (e.g., well locations, pumping rates, pumping sequences) were not considered 
during groundwater extraction modeling and development of the representative extraction 
system designs. However, refinement of the selected design and evaluation of extraction 
enhancement technologies will be considered and applied (with proper regulatory consent) 
during remedial design. 

As explained in Appendix F, groundwater modeling was performed primarily to simulate 
the extraction of uranium from the Great Miami Aquifer. The extraction of other 
contaminants, including neptunium-237, radium-226, technetium-99, antimony, arsenic, 
and manganese, was also simulated. MCLs for some other contaminants (e.g., radium, 
manganese, arsenic) are not expected to be attainable under either extraction scenario due 
to the low mobility of these contaminants. 

L.9.2 EXTRACTION SYSTEM DESIGN 
Based on the above considerations and the results of the SWIFT modeling, Great Miami Aquifer 
groundwater extraction systems were developed for two remediations scenarios. The first Scenario 1 
provides for the reduction of groundwater contamination levels to MCL and proposed MCL 
concentrations (i.e., 20 ppb for uranium) within an estimated 30 years. Scenario 2 provides for the 
reduction of contamination levels to 10" groundwater PRLs (Le., 3 ppb) within an estimated 70 
years. 
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B The Great Miami Aquifer groundwater extraction component is comprised of three new extraction 
systems in addition to the existing South Plume Recovery System. Each system is designed to 
recover a specific portion of the Great Miami Aquifer groundwater contamination plume. The four 
extraction systems for the two remediation scenarios are shown in Figures L.9-1 and L.9-2 and are 
described below. Where the scenarios require a different number of pumps or different pumping 
rates, the first number provided in the text is for the MCLI30-year scenario, while the number shown 
in parenthesis is for the 104/70 year scenario. 

Extraction System 1: This system consists of seven extraction wells located along the 
down-gradient boundary of the uranium plume in the vicinity of the Operable Unit 1 
waste pit area. Each extraction well is estimated to pump at a rate of 160-240 (200- 
300) gprn for a total system pumping rate of approximately 1300 (1600) gpm. 

Extraction System 2: This system consists of 15 (18) extraction wells located in the 
South Field area and along the southern FEMP property line. Each extraction well is 
estimated to pump at a rate of 160-400 (200-500) gpm for a total system pumping rate 
of approximately 3300 (5400) gpm. 

Extraction System 3: This system consists of a single extraction well located east of the 
production area. This extraction well is estimated to pump at a rate of 240 (300) gpm 
for a total system pumping rate of 240 (300) gpm. 

South Plume Recovery System: This existing system consists of five recovery wells 
located off-property to the south of the FEMP. This system became operational in 
1993. Each recovery well is estimated to pump at a rate of 300 gpm for a total system 
pumping rate of 1500 gpm. Since this is an existing system, the cost of installing it is 
not included in the remedial alternative cost estimates. 

A total of 23 (26) new extraction wells would be installed. The total number of wells in the 
extraction system would be 28 (31), including the 5 South Plume Recovery System Wells. The total 
extraction system pumping rate is estimated to be 6300 (7500) gpm. Tables L.9-1 and L.9-2 show 
the wells which would make up each system for both scenarios and their projected pumping rates. 

Based on the computer modeling simulations, a 30 (70)-year extraction period has been adopted for 
use in the cost estimate. All new extraction wells would be installed the first five years of each 
extraction period. During remediation, the extraction systems would be operated in several different 
pumping configurations to maximize the efficiency of groundwater recovery over time as the area of 
contaminant concentration changes. 

Each extraction system would be comprised of a number of extraction wells, pumps, and associated 
valves and pipelines. The following sections describe the design components of a typical extraction 1 system. 
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TABLE L.9-1 

GROUNDWATER RESTORATION TO MCL DESIGN, 
SCENARIO 1, PUMPING SCHEDULE 

Well Pumping Rate to 5 Well Pumping Rate 6 to 
Extraction System Well Number Years (gpm) 30 Years (gpm) 

1 

2 

3 
4 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

Systems total 28 
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0 
0 

0 

0 
0 

0 
0 

0 
0 

0 

0 

0 

0 

0 
0 
0 

0 
0 

0 

0 

300 
300 
300 
300 
300 
1500 

L-9-6 

240 
160 
160 
160 
240 
160 
160 
400 
320 
320 
320 
320 
160 
160 
160 
160 
160 
160 
160 
160 
160 
160 
240 
300 
300 
300 
300 
300 
6300 
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TABLE L.9-2 

GROUNDWATER RESTORATION TO lod DESIGN, 
SCENARIO 2, PUMPING SCHEDULE 

Well Pumping Rate Well Pumping Rate Well Pumping Rate 
Extraction Well to 5 Years 6 to 25 Years 26 to 70 Years 

System Number @Pm) (gpm) (gpm) 
1 1 

2 

3 

4 

5 

6 

7 

8 

9 

2 

3 

4 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

Systems total 31 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

300 

300 

300 

300 

300 

1500 
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L.9.2.1 Extraction Wells 
Figure L.9-3 depicts a typical Great Miami Aquifer extraction well design. Conditions may exist in 
the field which warrant variances from the typical well design. The major well components include: 

Wells would be constructed using a 60-to 120-foot length of 16-inch outer diameter 
(OD) 316 stainless steel casing, and 40 feet maximum of 16-inch OD stainless steel, 
wire-wrapped well screen. 

The top of the well screen would be set at the anticipated average water table elevation. 
The screen slot size would be estimated at 0.05-inches, but sieve analyses would be 
used to determine optimal screen and filter pack size. 

0 Filter pack material would be well-sorted quartz sand and would extend approximately 
2 feet above the top of the screen. 

A 2-5 foot bentonite pellet seal would be placed above the sand pack. 

The remainder of the annular space would be filled with a bentonite-cement grout slurry 
to a depth of approximately 15 feet below ground surface where a pitless adaptor would 
be installed to connect to the discharge piping system. 

L.9.2.2 Pumps 
Each extraction well would require a 12-inch OD (maximum), submersible, multistage, turbine pump 
with up to a 400 (500) gpm pumping capacity at 130 feet total dynamic head and a 
30 (40) horsepower, 480 volt, three-phase motor equipped with a flow shroud. A variable speed 
controller would be used to adjust pumping rate. These adjustments would be made and monitored 
remotely from the main control room in the centralized treatment facility. 

L.9.2.3 Valves 
A valve/meter pit associated with each extraction well would contain a remotely operated isolation 
valve and pressure and flow instruments. These instruments would also be monitored remotely from 
the centralized treatment facility. A control building would be provided at each recovery well for 
power distribution and control circuitry. 

L. 9.2.4 Piuelines 
Each of the extraction subsystems would pump to a system header which would in turn discharge to 
either a treatment header or a discharge header. The treatment header would transport water from 
the systems whose concentration levels require treatment. This flow would be directed to the GTF 
for treatment before discharge. Systems whose effluent contaminant levels are low enough that 
treatment is not required would pump to the discharge header. The discharge header was previously 
installed in 1993 to support the South Plume Recovery System. The discharge header has a capacity 
of 7500 gpm and runs from the South Plume Recovery System north, through the South Field, and 
then northeasterly to a valve house located at the SWRB. 
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The new extraction system headers and treatment header would be constructed of HDPE pipe. 
pipelines would be buried below the frost line and placed over a gravel sump at the bottom of the 
pipe trench. Each header would be provided with vent and drain lines for system maintenance. 

The I 

2 

3 

L.9.3 SYSTEM ABANDONMENT 
After completion of remediation activities, each extraction well would be plugged and abandoned in 
accordance with Section 5.4.3. of the SCQ. For the purpose of the estimate, each well pump, casing 
and screen would be removed by pulling and/or overdrilling, the annular space material removed, and 
the entire borehole would be filled with grout (Le., Volclay) to within 30 inches of the surface at 
which point a concrete plug would be poured to the surface. Also, related discharge piping and 
electrical materials would be excavated. Removed materials would be drummed for off-site disposal 
as contaminated material. 

L.9.4 MONITORING. MAINTENANCE, AND INSTITUTIONAL REOUIREMENTS 
A series of groundwater monitoring wells would be or has been installed in the area of the four 
groundwater extraction systems for the purpose of evaluating the performance of the groundwater 
extraction design, delineating the capture zones; and anticipating the. future contaminant 
concentrations. A number of monitoring well pairs would be installed upgradient and downgradient 
of each of the extraction systems. The actual-number and design of the well pairs would be 
determined during remedial design, based on hydrogeological conditions encountered in the field. 
Figure L.9-4 depicts a typical monitoring well design. The major components of the monitoring 
wells include: 

' 

Wells would be constructed using a 4-inch nominal OD 316 stainless steel casing and 
Cinch OD stainless steel, wire wrapped. well screen (40 feet maximum length). 

0 The screen would be set at the anticipated average water table elevation. The screen 
slot size would be approximately 0.05 inches as determined by sieve analysis. 
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Filter pack material would be well-sorted quartz sand and would extend approximately 

above the sand pack. 27 

25 

26 2 feet above the top of the screen. A 2-5 foot bentonite pellet seal would be placed 

The remainder of the annular space would be filled with a bentonite-cement grout slurry 28 

to a depth of approximately 2.5 feet below ground surface and then finished with a 29 

concrete pad. 30 

Extraction and monitoring wells, discharge piping, and electrical systems would be maintained over 31 

32( 

the 30 (70)-year period of operation. Periodic maintenance of groundwater extraction wells and 
related piping would be required to extend the life of the well and collect representative samples. 33 
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Wells would be periodically evaluated with respect to well performance and the integrity of pumps, 
concrete pads, posts, protective casings, well casings, etc. Wells and well equipment, including 
pumps and associated piping, would be replaced as required to maintain the extraction system 
performance over the 30 (70)-year operation period. 

The Great Miami Aquifer groundwater extraction system, inclusive of wells, pumps, and pipelines, 
would remain under federal ownership during the period of operation. Underground pipelines would 
be marked by permanent monuments. Institutional controls would be maintained during the active 
restoration period to prevent access to contaminated groundwater. 
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L.10.0 GROUNDWATER AND WASTEWATER TREATMENT i 1 
L. 10.1 INTRODUCTION 2 

Groundwater Treatment is included as a component of each remedial alternative for all Land Use 
Objectives, except the "No Action" alternative. Contaminated groundwater includes Great Miami 
Aquifer groundwater and perched groundwater. Portions of both are currently being recovered and 

treatment systems that are anticipated to be used for treatment of recovered groundwater for safe, 

3 

4 

5 

6 

7 

8 

treated by interim removal actions. The following sections describe the existing and representative 

environmentally acceptable disposal by discharge from the FEMP to the Great Miami River. 

Treatment of Great Miami Aquifer groundwater during remediation would require the construction of 
new additional facilities as large flow rates are anticipated. Consistent with the two extraction 
scenarios presented in Section L.9.0, groundwater treatment capacities of 6300 gpm and 7500 gpm 
would be required to handle maximum extraction system pumping rates for the MCL (20 ppb) and 

existing interim treatment systems and the Advanced Wastewater Treatment (AWWT) Facility would 
be used, on an interim basis, to treat a portion of the current recovery flow from the South 
Groundwater Contamination Plume (South Plume). 

risk level (3 ppb) Great Miami Aquifer clean-up goals, respectively. Available capacity in 

9 

IO 

- II 

12 

13 

14 

15 

16 

Existing low-flow and interim systems at the FEMP are currently used to treat extracted perched 
groundwater for removal of volatile organic compounds (VOCs) and uranium. 
the newly constructed AWWT Facility will provide permanent treatment for perched groundwater. 

17 

18 

19 

Beginning in 1995, 

No additional treatment facilities are contemplated to address perched groundwater treatment as the 
AWWT Facility capacity is considered sufficient. 

20 

? I  

Wastewater Treatment, for other than groundwater, is also included as a component of each remedial 
alternative for all Land Use Objectives, except the "No Action" alternative. Contaminated wastewater 
includes those generated by site remediation activities, controlled storm water runoff, and baseline 
wastewater generated by routine site operations. The following sections describe the treatment 
systems that are anticipated to be used for treatment of these wastewaters for safe, environmentally 
acceptable disposal by discharge from the FEMP to the Great Miami River. Final treatment of these 
wastewaters would be performed in the AWWT Facility that is scheduled to be operational in early 
January 1995. No additional treatment facilities, other than possible source pretreatment, are 
contemplated to address wastewater treatment. 

22 

23 

24 

25 

26 

27 

28 

29 

30 

FER\CRUS\APXS\APP-L\L 1 Ob1 I \November1 3. 1994 2:00pm L-10-1 

- . . .. .. . 
. . .  . 

' .>, .. . . .  : 



FEMP-OSFS-4 DRAFT 
November 14. 1994 

L. 10.2 INFLUENT CHARACTERISTICS 
This section presents a summary level discussion on the characteristics of 

Recovered Great Miami Aquifer Groundwater 
Recovered Perched Groundwater 
Remediation Wastewater 
Existing Controlled Storm Water Runoff 
Baseline Wastewater 

L. 10.2.1 Great Miami Aauifer Groundwater 
Great Miami Aquifer groundwater contamination plumes exist underneath FEMP property (Waste Pits 
Area, South Field, and Former Production Area) and underneath off-property area south of the FEMP 
(South Groundwater Contamination Plume [South Plume]). As described in the Great Miami Aquifer 
extraction component description, Section L.9.0, a representative method of recovering groundwater 
from these plumes is the implementation of recovery (extraction) well systems. Four recovery well 
systems would be used. The total combined recovery flow rate from these systems is projected to 
range between 6300 and 7500 gpm (maximum), which includes 1500 gpm as currently exists from the 
South Plume recovery system (FEMP Removal Action #3). 

The maximum concentration of uranium contamination in these plumes ranges up to about 1100 ppb 
Total Uranium; a lower concentration of uranium is anticipated in the combined influent of a 
groundwater treatment facility. Based on modeling, the average Uranium-238 concentration ( = Total 
Uranium concentration) of the recovered groundwater from each of these recovery well systems has 
been estimated. These estimated concentrations and system flow rates (at 6300 gpm total flow rate) 
are shown on Table L. 10-1. 

Other COCs anticipated in recovered Great Miami Aquifer groundwater include other radionuclides 
(neptunium-237, radium-226, and technetium-99), heavy metals, arsenic, iron, manganese, and 
organics. Loading curves of the anticipated concentrations of constituents of concern (COCs) entering 
the groundwater treatment facility from each recovery well system are provided in Appendix F. 

Anticipated characteristics of the Great Miami Aquifer groundwater influent to a groundwater 
treatment facility are summarized in Table L. 10-2. 
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TABLE L.10-1 
GREAT MIAMI AQUIFER GROUNDWATER TREATMENT 

INFLUENT STREAM URANIUM CONCENTRATIONS (AVERAGE)* 

i 

2 

3 

Uranium-238 ( t: Total Uranium) 
Concentration (ppb) 

Years of recovery 
Pumping 

Recovery Well System Rate (gpm) 0 5 10 15 20 25 30 4 

System 1 

System 2 

System 3 

System 4 

1280 No pump 26.7 16.0 10.8 8.0 5.0 2.9 

3280 No pump 91.5 41.4 27.8 21.1 11.7 7.6 

240 No pump 19.0 11.9 9.1 7.5 5 .8  4.6 

1500 4.7 18.5 14.4 9.2 6.1 3.9 2.5 

Total Weighted Average 6300 4.7 58.2 28.7 19.2 14.4 8.2 5.3 9 

10 

* Average concentrations in recovered groundwater will be less than measured plume 
concentrations due to dilution associated with inherent recovery of adjacent non-contaminated 

I I  

12 - 
groundwater. 13 

TABLE L. 10-2 

GREAT MIAMI AQUIFER GROUNDWATER TREATMENT 
SUMMARY OF ANTICIPATED INFLUENT CHARACTERISTICS 

14 

15 

16 

Parameter Value . 17 
Total Uranium 
Other Radionuclides 
Heavy Metals 
Arsenic 
Iron 
Manganese 
Organics (Total) 
Total Suspended Solids 
Dissolved Oxygen 
PH 

3 - 550 ppb' 
Trace 
Trace 
Trace 

1 - 2 ppm 
0.2 - 1 ppm 

< 10 ppb 
1 - 9 ppm 
- 2PPm 

7 - 8  

* The maximum influent uranium concentration would be from the discharge of a single 
recovery well installed at the area of greatest contamination. 
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L. 10.2.2 Perched Groundwater 
Based on perched groundwater sampling in 1988 and 1989, which identified uranium contamination in 
the range of 20-700 ppm, removal actions were initiated to pump water from piezometers and 
extraction wells underneath Plants 2/3, 6 ,  8, and 9. Pumping from an abandoned clarifier pit at 
Plant 6 ,  which contains infiltrated water with an initial uranium concentration measurement of about 
2000 ppm, was also included with the Plant 6 removal action. The objective of pumping from these 
wells is the reduction of the hydrostatic head of the associated perched water lenses to reduce the 
potential for migration of contaminants into the Great Miami Aquifer. In 1994, the FEMP also 
initiated pumping of contaminated (with VOCs), infiltrated water from four sumps located in the 

basement of Plant 6 .  The combined average flow rate from all of these pumping sources is about 
10 gpm. 

These extracted waters were initially routed through existing FEMP wastewater treatment facilities for 
uranium removal prior to discharge from the FEMP. In 1990, further analysis of the perched 
groundwater indicated the presence of VOCs (50-8000 ppb), primarily Trichloroethene, 
1,l-Dichloroethene, 1 ,I-Dichlorothane, 1 ,ZDichlorethene, 1, 1 , 1-Trichloroethane, and 
Tetrachlorethene. The FEMP subsequently initiated VOC removal by installing carbon adsorption 
(Plant 8 VOC Treatment System) prior to treatment for uranium removal. Beginning in 1995, these 
and future perched groundwater streams will be routed to the newly constructed AWWT Facility for 
VOC and uranium removal. 

These perched groundwaters are also contaminated at low or trace concentrations with thorium, 
aluminum, chromium, silver, iron, manganese, and cadmium. Initial analysis of perched groundwater 
from Plant 2/3 indicated contamination with tributyl phosphate (TBP) of - 100 ppb, but TBP has not 
been detected in recent years. 

Operation of these pumping systems would continue until final remedial actions are implemented. 
The final remedial actions would likely include excavation of the associated contaminated soils and 
treatment of the perched groundwater (see Soil Excavation component description, Section L. 1 .O) .  

The characteristics of the perched groundwater zones are described in Appendix F. A representative 
method of remediating these contaminated perched groundwater zones is described as groundwater 
extraction. Modeling performed in support of this Feasibility Study has concluded that perched 
groundwater extraction, using passive trenches and drains requires long remediation times (greater 
than 100 years) for most contaminants. Other options, either alone or in combination with passive 
collection systems, may provide more rapid and effective remediation. For example, excavation (to 
eliminate the permeable lenses containing the perched water) is expected to be a more 
straightforward, rapid, and effective method of removing the contamination and has been adopted as 

. 
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the representative option for addressing perched groundwater remediation. Perched groundwater 
collected during dewatering of the excavations would be removed by pumping and directed to the 
AWWT Facility for treatment. The flow rate of this perched groundwater transferred to the AWWT 
Facility is anticipated to be about 10 gpm. 

i 

2 

3 

4 

0 

Anticipated characteristics of the perched groundwater influent to the AWWT Facility are summarized 5 

in Table L.10-3. 6 

I 

L. 10.2.3 Remediation Wastewaters 
The FEMP operable units will generate process wastewaters, additional perched groundwater from 
dewatering activities, and additional (beyond existing) storm water runoff as a result of remediation 
activities. The contaminants associated with these remediation wastewaters are: 

Uranium 
Low concentrations of thorium 
Low or trace concentrations of other radionuclides 
Low or trace concentrations of heavy metals 
LOW or trace concentrations of organics 

0 Other pollutants regulated by NPDES 
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8 

9 

IO 

. %  
i l  I 

I I  

12 
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14 

15 

16 - 

Preliminary conceptual information has been used to estimate the quantities and characteristics of 
these wastewater streams. 

17 . . 

The anticipated quantities of these wastewater streams are summarized on 18 

19 Table L. 10-4. Following Table L. 10-4 are general descriptions of these wastewater streams. 

Operable Unit I consists of remediation of the FEMP Waste Pit Area. Generation of 
significant quantities of wastewater associated with the following remedial activities are 
expected: initial removal of pit water, removal and processing of pit wastes, and 
excavation dewatering activities. Wastewater would be recycled back into the remedial 
process as possible; bleed streams would be discharged for final wastewater treatment. 
Treated or slightly contaminated water (untreated South Plume groundwater, for 
example) from Operable Unit 5 groundwater/wastewater treatment facilities may be used 
for Operable Unit 1 process water to reduce the net volume of final wastewater 
discharged. 

Operable Unit 2 consists of remediation of the FEMP Solid Waste Landfill, Lime 

Sludge Ponds, Active and Inactive Flyash Piles, and the South Field. Generation of 
small quantities of wastewater associated with the following remedial activities are 
expected: initial removal of pond water, removal and processing of associated wastes, 
excavation dewatering activities, and additional surface water controls. 
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TABLE L.10-3 
PERCHED GROUNDWATER 

SUMMARY OF ANTICIPATED CHARACTERISTICS 
2 

3 

Parameter Value 4 

Flow Rate 
Total Uranium 
Thorium 
Other Radionuclides 
Trichlorethene 
1,l-Dichloroethene 
1,2-DichIoroethene 
1,l-Dichloroethane 
1 , 1,l-Trichloroethane 
Tetrachlorethene 
Aluminum 
Cadmium 
Chromium 
Silver 
Iron 
Manganese 
Total Suspended Solids 
PH 

10 - 20 gpm 
15 - 700 ppm 
20 - 60 ppb 

5 - 8000 ppb 
5 - 100 ppb 

Trace 

Trace - 30 ppb 
Trace - 120 ppb 
Trace - 130 ppb 

0.5 - 16 ppm 

0.1 - 4 ppm 
0.5 - 2 ppm 
0.7 - 1 ppm 
0.5 - 4.5 ppm- 
50 - 1750 ppm 

0 - 250 ppb 

5 - 150 ppb 

6.2 - 7.3 

5 
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8 

9 
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TABLE L.10-4 

REMEDIATION WASTEWATER 
SUMMARY OF ANTICIPATED FLOW RATES’ 

25 

26 

Operable Flow Rate 
Unit (mm) 

n 
28 

10 - 250 
10 - 20 
10 - 50 
5 - 15 

20 - 100 

29 

30 

31 

32 

33 

34 

* Excluded are flows from the Great Miami Aquifer, existing perched groundwater, existing 
controlled storm water runoff, and baseline FEMP wastewater. 
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Operable Unit 3 consists of remediation of the FEMP Former Production Area. 

Generation of moderate quantities of wastewater associated with decontamination and 
dismantlement of facilities, structures, and components is expected. Operable Unit 3 
will also generate wastewater from waste processing and from any additional surface 
water controls. A portion of this activity is currently underway with the implementation 
of Operable 3 removal actions. 

Operable Unit 4 consists of remediation of Silos 1, 2, 3, and 4 and the associated silo 

facilities. Generation of small quantities of wastewater associated with the following 
remedial activities are expected: removal and processing of associated wastes, 
excavation dewatering activities, and any additional surface water controls. 

Operable Unit 5 consists of remediation of environmental media - soils, groundwater, 

surface water, sediments, flora, and fauna. Table L. 10-4 does not include Great Miami 
Aquifer and perched groundwater influents, existing controlled storm water runoff, or 
baseline wastewater. Table L. 10-4 does include the wastewater generated by the 
following anticipated remediation activities: excavation, dewatering of excavations, 
recovered water from any underdrain systems or interim storage system sumps, and 
surface water controls associated with construction of remediation facilities. 

The primary contaminant of concern associated with these wastewater streams is uranium. Other 
contaminants of lesser concern that would be addressed by pretreatment or the AWWT Facility 
include other radionuclides, heavy metals, organics, and other NPDES-related pollutants. 
Pretreatment may be implemented by the individual operable units remedial systems, as required, 
prior to final treatment at the AWWT Facility. 

L. 10.2.4 Existing Controlled Storm Water Runoff 
Figure L.10-1 illustrates the areas of the FEMP that are currently controlled for storm water runoff 
collection. Characteristics of the existing storm water runoff influent that will be treated by the newly 
constructed AWWT Facility are summarized in Table L. 10-5. Following the table is a description of 
the current FEMP storm water runoff influents that require treatment prior to discharge from the 
FEMP. As site areas are remediated, these influents will diminish, and the associated collection and 
treatment wstems mav be Drogressivelv decommissioned and removed. 
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TABLE L.10-5 
EXISTING SURFACE/STORM WATER RUNOFF 

SUMMARY OF ANTICIPATED CHARACTERISTICS 

8 3 4 9  
FEMP-OSFS-4 DRAFT 
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Former Production Waste Pit Area & 
Area & Parking Lots Perimeter 

Parameter Value Value 

i 

2 

3 

4 

Flow Rate 100 - 700 gpm 20 - 40 gpm 5 

Other Radionuclides Low or Trace Low or Trace 7 

Heavy Metals Trace Trace 8 

Organics Trace Trace 9 

Total Suspended Solids 20 - 300 ppm 20 - 300 ppm 40 

PH 7 -  10 7 - 10 I I  ' 

Total Uranium 0.3 - 1.5 ppm 0.5 - 3.5 ppm 6 

I 1- 

Surface and storm water runoff from the former production area and perimeter areas, including 
parking lots, is collected by a sitewide storm sewer system. This runoff is collected in a 
ten million-gallon Storm Water Retention Basin (SWRB), located in the southeast quadrant of the site, 
for settling prior to discharge from the FEMP. The average anticipated storm water runoff flow rate 
is approximately 215 gpm. However, since flow into the SWRB occurs mostly during rainfall events, 
a larger SWRB discharge flow rate is required to prevent SWRB overflow. A 700 gpm discharge 
flow rate has been determined to be adequate to prevent overflow under severe or successive heavy 
rainfall events; therefore, the SWRB pumping system was sized for a maximum flow rate of 700 

gpm. The uranium concentration in the discharge from the SWRB typically ranges between 300- 
1200 ppb (average of about 900 ppb). 

Currently, up to 300 gpm of the SWRB discharge is treated for uranium removal by the Interim 
Advanced Wastewater Treatment unit at the SWRB - IAWWT(SWRB). The remainder of the flow is 
routed through the new South Plume discharge line to the Great Miami River via the FEMP outfall 
line. Beginning in 1995, the total discharge will be routed to the newly constructed AWWT Facility 
for treatment prior to discharge from the FEMP. 

12 

13 

14 

15 

16 

17 

18 

19 

1-0 

21 

22 

The Biodenitrification (BDN) Surge Lagoon receives storm water runoff from the following sources: 28 

Waste Pit Area storm water runoff collected in the Clearwell, Waste Pit Area Perimeter stormwater 29 

runoff collected in a concrete sump, and Pit 6 storm water runoff (normally contained in the pit, but 30 

requiring occasional pump out). 31 
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L. 10.2.5 Baseline FEMP Wastewater 
The FEMP currently generates approximately 30 - 60 gpm of contaminated wastewater, in addition to 
the controlled storm water runoff described above, during routine operations. 
combined "baseline" contaminated wastewaters are summarized in Table L. 10-6. A general 
description of the baseline FEMP wastewater follows the table. 

2 

3 

4 

5 

Characteristics of the 

TABLE L.10-6 
BASELINE FEMP WASTEWATER 

SUMMARY OF ANTICIPATED CHARACTERISTICS 

6 

7 

8 

Parameter Value 9 

Flow Rate 

Total Uranium 

30 - 60 gpm 

0.5 - 3.5 ppm 

Other Radionuclides Low or Trace 

Heavy Metals Trace 

Organics Trace 

Total Suspended Solids 20 - 300 ppm 

PH 7 -  10 

FEMP baseline wastewater is generated from the following sources: FEMP laboratory, controlled pad 
storm water runoff, garage floor washing, general decontamination (Building 69), incidental plant 
usage (Le., condensate, cleaning, etc.), laundry facilities, boiler plant blowdown, coal pile runoff, 
and filter backwash from the SPIT and IAWWT systems. These wastewaters are collected at the 
General Sump or Plant 8 Sump. 

Additionally (not included in Table L. 10-6), the FEMP generates wastewater that is considered non- 
contaminated (less than 20 ppb uranium). These wastewaters are generated from the following 
sources: personnel showers, lime sludge ponds decant, water treatment plant, boiler water treatment, 
and sanitary sewage. Sanitary sewage is routed to the FEMP Sewage Treatment Plant for treatment 
prior to discharge from the FEMP. The other streams are routed to the "clean-side'' General Sump 
for monitoring and treatment, if necessary to meet National Pollutant Discharge Elimination System 
(NPDES) permit requirements, prior to discharge from the FEMP. 
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L. 10.2.6 AWWT Facility Influent I 

The AWWT Facility will provide final treatment of the above described influents - contaminated 
perched groundwater, remediation-generated wastewater, controlled storm water runoff, and baseline 
wastewater (exclusive of non-contaminated flows) - prior to discharge to the Great Miami River. 
summary of the anticipated combined AWWT influent characteristics is provided in Table L. 10-7. 

AWWT Facility, as described in the following section. 

2 

3 

4 

5 

6 

7 

A 

Table L. 10-7 does not address the interim South Plume groundwater treatment to be provided by the 

TABLE L.10-7 a 

AWWT FACILITY 9 

SUMMARY OF ANTICIPATED INFLUENT CHARACTERISTICS - IO 

~ 

Phase I Phase I1 
(Influent from SWRB) (Other Influents) 

Parameter Value Value I I  
~ 

Flow Rate 100 - 700 gpm 50 - 400 gpm 12 

Total Uranium 0.3 - 1.5 ppm 0.3 - 5 ppm 13 

Other Radionuclides Low or Trace Low or Trace 14 

Heavy Metals Trace Trace 15 

Volatile Organics Trace 5 - 200 ppb 16 

Other Organics Trace Trace 

Total Suspended Solids 20 - 300 ppm 20 - 300 ppm 

PH 7 -  10 7 -  10 

17 

18 

19 

20 

L. 10.3 TREATMENT STRATEGY 21 

This section presents a discussion on the operational strategy planned for treatment of contaminated 
FEMP groundwater and wastewater. The strategy involves interim measures to address uranium 
discharge reduction prior to the implementation of permanent groundwater treatment, as well as the 
permanent long-term measures. Figure L. 10-2 illustrates the existing and planned Interim FEMP 
Groundwater and Wastewater Flow Diagram. Figure L. 10-3 illustrates the final Remedial Action 
FEMP Groundwater and Wastewater Flow Diagram (during site remediation). 

22 

23 

24 

I 

2 

3 
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L. 10.3.1 Interim Great Miami Aauifer Groundwater Treatment 
A portion of Great Miami Aquifer groundwater, recovered from the South Plume, will be treated for 
uranium removal to produce effluent uranium concentrations of less than 5 ppb using existing interim 
systems and the AWWT Facility, as shown in Table L. 10-8. This strategy is discussed following the 
table. 

TABLE L.10-8 
INTERIM GREAT MIAMI AQUIFER GROUNDWATER TREATMENT 

6 

7 

Treatment Svstem Flow Rate 8 

South Plume Interim Treatment 

AWWT Facility 

IAWWT (SWRB) 400 gpm 

200 gpm 

200 - 900 gpm 

9 

10 

I I  

The installation of the Removal Action #3 (South Groundwater Contamination Plume) IAWWT units 13 

I4 

15 

16 

17 

18 

at the SWRB and at the BDN-ETS in 1992 has allowed the FEMP uranium discharge (to the Great 
Miami River) to be maintained below 1700 Ib/yr. 
resolution agreement, the FEMP initiated a Supplemental Environmental Project (SEP) with the 
objective of further reducing uranium discharges from the FEMP site to the Great Miami River. 
SEP provides the following interim Great Miami Aquifer groundwater treatment operations: 

In 1993, as a result of an Operable Unit 2 dispute 

The 

A South Plume Interim Treatment (SPIT) system was installed to provide 19 

20 interim treatment of 200 gpm of South Plume groundwater until permanent 
groundwater remediation treatment is provided. The system employs ion 21 

exchange for uranium removal. The SPIT system has been in operation since 
March 1994 and should remain in service at least until a permanent groundwater 

22 

- 2 3  

treatment facility is operational. 24 

The operating life of the existing IAWWT(SWRB) unit will be extended and the 
unit will be converted to treat additional South Plume groundwater instead of 

2s 

26 

27 storm water. The total treatment capacity of the unit will be increased from 

'1 300 gpm to 400 gpm (following start-up of the AWWT Facility, scheduled for early 1995). 
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The AWWT - Phase I Facility will be used for treatment of South Plume 
groundwater when minimal storm water is available for treatment (roughly 
70 percent of a typical year). The annual average groundwater treatment flow rate will be 
about 500 gpm. This provision will be implemented when the AWWT Facility becomes 

I 

2 

3 

4 

operational in early 1995. 5 

The SEP will also eliminate the previously scheduled treatment of low-uranium 6 

7 (less than 20 ppb) wastewater streams by the AWWT - Phase I1 Facility. 

South Plume groundwater. This provision will be implemented when the 
AWWT Facility becomes operational in early 1995. - IO 

The 
resulting freed AWWT treatment capacity will be used to treat 200 gpm of a 

9 .. 

The effluent from these interim groundwater treatment operations, as well as the untreated portion of I I  

the South Plume discharge, is routed to the SWRB Valve House. From the Valve House, these 12 

13 

14 

effluents flow to the Effluent Aeration Facility for aeration to ensure the dissolved oxygen 
concentration is greater than 5 ppm. Downstream of the Effluent Aeration Facility, the treated 
groundwatedwastewater is combined at Manhole 176B with non-contaminated wastewater and treated 15 

Sewage Treatment Plant effluent from Manhole 175. 
parshall flume and outfall monitoring station for FEMP discharge flow measurement and monitoring. 

These combined flows will pass through a 16 

17 

L. 10.3.2 Great Miami Aauifer Groundwater Treatment During Site Remediation 
Treatment of Great Miami Aquifer groundwater during site remediation would require the 
construction of new additional treatment facilities as additional recovery well systems are proposed. 
The maximum flow rate of recovered Great Miami Aquifer groundwater is projected to be between 
6300 and 7500 gpm. The treatment strategy would be based on the uranium concentration in the 
aquifer at each well or well system. The proposed strategy is to provide treatment of Great Miami 
Aquifer groundwater recovered from areas of the aquifer that contain uranium concentrations greater 
than 20 ppb or 3 ppb, depending upon the selected remedial alternative. 

' 

18 

19 

22 

23 

24 

2s 

Preliminary modeling results indicate the following groundwater treatment scenarios are required to - 26 

support the extraction scenarios: 21 

1) 
2) 

6300 gpm capacity for 30 years. 
7500 gpm capacity for 75 years. 
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Both of these treatment scenarios for the Groundwater Treatment component will be cost estimated; 
however, all descriptions that follow relate to the 6300 gpm scenario, which will be implemented in 
2 100 gpm modules. 

The primary objective of groundwater treatment is to produce an effluent uranium concentration of 
less than 5 ppb; however, concentrations of less than three ppb are anticipated. Effluent 
concentrations of other contaminants will be maintained below MCL concentrations. Also, required 
effluent NPDES characteristics shall be maintained. 

Treated and untreated Great Miami Aquifer groundwater will be discharged from the FEMP to the 
Great Miami River via the existing outfall discharge piping and Effluent Aeration Facility (recently 
installed as part of Removal Action #3) and monitoring systems. 

- 

L. 10.3.3 Interim Perched Groundwater Treatment 
The existing Plant 8 VOC Treatment System provides filtration and carbon adsorption processing 
prior to gross uranium removal by chemical precipitation and filtration at the Plant 8 Sump. VOC 
concentrations are reduced to less than 5 ppb; the uranium concentration is reduced to less than 
0.0004 lb/gal (48 ppm). From the Plant 8 Sump, the treated wastewater is directed to the General 
Sump for further disposition as described below. In 1995, perched groundwater will be diverted to 
the AWWT Facility for treatment, which will allow decommissioning of the outmoded Plant 8 facility 
thereafter. Treatment at the AWWT Facility will result in effluent VOC concentrations of less than 
5 ppb and uranium concentrations of less than 5 ppb. 

L. 10.3.4 Interim Wastewater Treatment 
Treatment of contaminated removal action and remediation wastewaters, controlled storm water 
runoff, and baseline wastewaters will be performed using the following existing (or soon-to-be- 
constructed) facilities: 

General Sump 

Biodenitrification (BDN) Surge Lagoon 
BDN High Nitrate Tank 
BDN Facility 

BDN Effluent Treatment System (ETS) 

Storm Water Retention Basin (SWRB) 
IAWWT(SWRE3) 
AWWT Facility 

Plant 8 Sump I AWWT( BD N-ETS) 

Removal action and remediation wastewaters will be fed to the most convenient, technically 
acceptable receiving facility - General Sump, Plant 8 Sump, BDN Surge Lagoon, BDN High Nitrate 
Tank, or AWWT Facility. Waste Pit Area storm water runoff is collected in the BDN Surge Lagoon. 
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Former Production Area and parking lot storm water runoff is collected in the SWRB. 
wastewaters are collected at the General Sump or Plant 8 Sump. A major portion of the total FEMP 
wastewater streams will receive final treatment at interim ion exchange systems to produce effluent 
uranium concentrations of less than 5 ppb. Beginning in 1995, these wastewaters will be treated at 
the AWWT Facility to produce effluent uranium concentrations less than 5 ppb, as well ,as reduction 

may be implemented, if necessary, prior to introduction into the associated final treatment systems. 

Baseline I 

2 

3 

4 

5 

6 

7 

of other contaminants (Le., other radionuclides, heavy metals, organics, etc.). Source pretreatment 

The General Sump currently receives both contaminated and non-contaminated wastewater streams for 8 

treatment and/or diversion to Plant 8, the BDN Surge Lagoon or High Nitrate Tank (HNT), or 
discharge to the Great Miami River. Uranium-contaminated wastewaters are segregated, based - IO 

- 9  

b! 
primarily on the source of the wastewater and its uranium content. Segregation may also be based on 
other contaminants and the source of the wastewater. 

I I  

Prior to operation of the AWWT Facility, 12 

13 

14 

15 - 

16 

heavily uranium-contaminated wastewaters (greater than 0.0004 Ib/gal), and other streams that 
required chemical precipitation and filtration, were routed to the Plant 8 Sump for additional 
treatment. 
eventual transfer to the BDN Surge Lagoon or HNT. 

After treatment at Plant 8, filtrate is returned to the General Sump for sampling and 

The Plant 8 Sump will remain in operation to accommodate certain FEMP removal and remedial 17 

actions at least through 1995. As the AWWT Facility becomes operational and performance-proven,. 
wastewater streams will subsequently be rerouted from Plant 8 to the AWWT Facility. Minor system 
modifications will be required for rerouting the wastewater streams. Miscellaneous waste slurries and 

I S  

19 

20 

sludges, typically dewatered at Plant 8, will be rerouted to the AWWT Slurry Dewatering Facility 
when it becomes operational in late 1995. 

21 

22 

The BDN Surge Lagoon collects wastewater from the General Sump as well as Waste Pit Area 
The combined flow from the BDN Surge Lagoon and from the 

associated HNT, maximum of about 200 gpm, is currently directed to the BDN and BDN Effluent 

23 

24 

25 

26 

controlled storm water runoff. 

Treatment facilities prior to discharge from the FEMP. 

The HNT will remain in service until Operable Unit 3 Thorium Nitrate and UNH removal.actions are 

Facility. The HNT would remain in service thereafter to support flow equalization for influent to the 

27 

completed to provide a method for blending in high nitrate concentration wastewaters to the BDN 28 

29 

AWWT Facility. At a minimum, Operable Unit 4 plans to employ the HNT for equalization of 
generated wastewaters prior to discharge to the AWWT Facility. 

30 

31 
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The BDN Facility was designed for the purpose of reducing nitrates in wastewater. The BDN 
Facility will remain in service to provide nitrate reduction in wastewaters generated by Operable Unit 
3 removal action activities, which are expected to be essentially completed in late 1995. Thereafter, 
the BDN Facility would be placed in standby until all site activities associated with nitrate-bearing 
wastewaters are completed, at which time the facility may, be decommissioned. The BDN Surge 
Lagoon discharge will then be routed directly to the newly constructed AWWT Facility for treatment 
prior to discharge from the FEMP. 

The BDN-ETS provides final treatment of the BDN wastewater before it is discharged. Its primary 
function is to reduce the total suspended solids (TSS) and biochemical oxygen demand (BOD) levels 
in the effluent from the BDN Facility. The BDN-ETS will remain in service as long as the BDN 
Facility service is maintained; thereafter, the system may be converted for use as a site sanitary 
(sewage) treatment system to replace the old existing FEMP sewage treatment plant, which could then 
be decommissioned. 

Currently, up to 100 gpm of the BDN Facility effluent is treated for uranium removal by the Interim 
Advanced Wastewater Treatment unit at the BDN Effluent Treatment System, IAWWT(BDN-ETS). 
The IAWWT(BDN-ETS) will likely be decommissioned shortly after the AWWT Facility becomes 
operational, unless a viable alternative for its use is identified. 

The SWRB will remain in service to collect storm water runoff for flow equalization prior to 
treatment at the AWWT Facility. The SWRB would likely remain in service beyond the year 2020 to 
support site remediation. The SWRB can be decommissioned upon satisfactory site remediation that 
eliminates the need to collect site storm water runoff. 

The IAWWT (SWRB) was installed as an interim treatment unit for storm water. Beginning in early 
1995, SWRB discharge will be treated by the AWWT Facility. The IAWWT(SWRB) will remain in 
operation after the AWWT Facility becomes operational, at which time the unit capacity will be 
increased to 400 gpm and will be used to treat a portion of the recovered South Plume groundwater 
flow until permanent groundwater treatment facilities are operational. 

The AWWT Facility is scheduled to be operational in early 1995 to provide final treatment of all site 
contaminated storm water runoff and wastewater. The facility will have a total treatment capacity of 
1100 gpm - 700 gpm for storm water runoff (Phase I) and 400 gpm for other wastewater (Phase 11). 

It will also provide perched groundwater treatment and will supplement interim South Plume 
groundwater treatment, as previously described. The AWWT Facility will remain in service 
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throughout site remediation and will be one of the final site facilities to be decommissioned and 
dismantled. 

The effluent from the AWWT Facility (less than 5 ppb uranium) will be routed to the SWRB Valve 
House. From the Valve House, the effluent, as well as those from the South Plume discharge and 
interim groundwater treatment systems, flows to the Effluent Aeration Facility for aeration to ensure 
the dissolved oxygen concentration is greater than 5 ppm. Downstream of the Effluent Aeration 
Facility, the treated groundwatedwastewater is combined at Manhole 176B with non-contaminated 
wastewater and treated Sewage Treatment Plant effluent from Manhole 175. These combined flows 
will pass through a parshall flume and outfall monitoring station for FEMP discharge flow 
measurement and monitoring. 

A waste slurry/sludge dewatering system (AWWT Slurry Dewatering Facility) is planned to be 
installed adjacent to the AWWT Facility. The primary purpose of the new AWWT Slurry 
Dewatering Facility is the processing (dewatering) of waste slurries and sludges from the AWWT 
Facility and those generated from future groundwater remediation treatment; the dewatering of 
miscellaneous site waste sludges may also be performed at this new facility. The dewatered waste 
material will be packaged for on-site or off-site disposal. Construction completion is scheduled for 
October 1995. The AWWT Slurry Dewatering Facility will remain in service as long as the AWWT 
Facility and groundwater treatment facilities remain in service. 

L. 10.3.5 Perched Groundwater and Wastewater Treatment 
In general, perched groundwater and wastewater treatment during site remediation will be 
accomplished as previously described for the interim period prior to site remediation. Several interim 
and outmoded facilities - Plant 8 Sump, BDN Facility, IAWWT units - will either be shutdown or 
placed on standby. Facilities used to collect and manage wastewater for subsequent routing to the 
AWWT Facility will be phased out as site remediation eliminates the associated wastewater 
generation. 

As previously described, source pretreatment may be implemented prior to final treatment at the 
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AWWT Facility. All perched groundwater and wastewater will be treated at the AWWT Facility to 27 

produce effluent uranium concentrations less than 5 ppb, as well as to reduce other contaminants (Le., 
other radionuclides, heavy metals, organics, etc.). Effluent concentrations of other contaminants will 

28 

29 

be maintained below MCL concentrations. 30 

maintained. 31 

Required effluent NPDES characteristics shall be 
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L. 10.3.6 Estimated Uranium DischarPe to the Great Miami River 
Figure L.10-4 provides a plot of the estimated annual uranium discharge from the FEMP to the Great 
Miami River. The plot begins in 1993, the start of South Plume Removal Action 3 groundwater 
recovery, and ends in 2069, the predicted completion of groundwater remediation under the 106 risk 
level (3 ppb) clean-up goal. . 

L. 10.4 TREATMENT SYSTEM DESIGN CONSIDERATIONS 
L. 10.4.1 Great Miami Aauifer Groundwater Treatment System 
Treatment of Great Miami Aquifer groundwater would require the construction of new facilities, as 
the anticipated maximum recovery flow rate of about 6300 gpm is much greater than the capacity of 
existing facilities. The primary objective of Great Miami Aquifer groundwater treatment is the 
reduction of uranium to less than 5 ppb and the reduction of other COCs to less than MCL or 
proposed MCL concentrations (or to existing Great Miami Aquifer water quality levels if less than 
MCL). Primary design considerations for these new facilities include the following: 

e Compliance with Applicable or Relevant and Appropriate Requirements (ARARs). 
These include, but are not limited to: the Solid Waste Disposal Act (RCRA), the Safe 
Drinking Water Act, the Clean Water Act, the Clean Air Act, Occupational Safety and 
Health Act (OSHA) requirements, DOE requirements, and state and local requirements. 
Treatment and monitoring capability associated with meeting NPDES requirements is a 
primary consideration. 

Operating life. The design operational life of the treatment facilities shall be in 
accordance with the duration of contaminated groundwater recovery. Current 
groundwater modeling suggests a treatment period of about 30 years. 

Process. The treatment must reduce the concentrations of COCs in the recovered 
groundwater to acceptable levels prior to discharge to the environment. The treatment 
must also remove secondary contaminants that could impact adversely the process used 
to remove the contaminants of concern (for example, contaminants that can foul ion 
exchange resin). 

Waste management. The treatment must be designed to minimize the associated waste 
generation. Appropriate waste management concepts (Le., processing, stabilization, and 
packaging) shall be incorporated into the design to reduce mobility of the contaminants 
and to provide safe, proper on-property and off-site management. 
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Protection of human health and the environment. The design must consider the I 

protection of workers, the public, and the environment from chemical and untreated 
groundwater releases. 3 

2 

Implementability and flexibility. The treatment design should consider proven and 
reliable technologies. The treatment facilities should be readily constructable and 
designed for ease of operation and maintenance. The design shall consider system 
modules of equal capacity to accommodate implementation flexibility. 

Capital and operating cost. The cost of construction and operations must be reasonable -8 

and amenable to the benefit provided to the public and the environment. - 9  

Future decommissioning and dismantlement. The design must consider the ease, safety, 10 

and environmental protection of future decommissioning and dismantlement of the 
treatment facilities when remediation by treatment is complete. 

I I  

I 2  

L. 10.4.2 Perched Groundwater Treatment Svstem 
The same basic design considerations described above apply to perched groundwater treatment. :j 
Because of the greater and more diverse contaminant concentrations in perched groundwater, as 
compared to Great Miami Aquifer groundwater,. the treatment of perched groundwater separate from 
Great Miami Aquifer groundwater is suggested. 

15 

16 

17 

18 

19 

20 

The existing Plant 8 VOC Treatment System 
provides filtration and carbon adsorption processing prior to Plant 8 Sump chemical precipitation and 

for treatment, which will allow decommissioning of the outmoded Plant 8 facility. 
filtration. In 1995, perched groundwater will be diverted to the newly constructed AWWT Facility 

The primary objectives of perched groundwater treatment are the removals of VOCs and uranium to 
effluent concentrations of less than 5 ppb each. 

21 

22 

L. 10.4.3 Wastewater Treatment Svstems 23 

The same basic design considerations, as described above, also apply to wastewater treatment. 
treatment of the wastewater influents will be accomplished using existing and soon-to-be-constructed 

FEMP will be accomplished by the AWWT Facility. The primary design considerations for the 
AWWT Facility included the following: 

The 24 

25 

26 

27 

28 

FEMP treatment facilities. Beginning in early 1995, final treatment prior to discharge from the 

29( 

Process: The AWWT Facility design was,driven by DOE Order 5400.5, "Radiation 
Protection of the Public and the Environment," which requires the consideration of Best 30 
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Available Technology and reduction of radiation exposure to levels that are "as low as 
reasonably achievable (ALARA). 'I The primary goal is the treatment of wastewater to 
produce an effluent uranium concentration of less than 5 ppb. Additionally, the design 
provides for reduction of other radionuclides, suspended solids, heavy metals, and 
organics. 

Capacity: The design treatment capacity was based on existing wastewater generation 
plus allowance for anticipated site remediation. 

L. 10.5 EXISTING AND PROPOSED TREATMENT SYSTEM DESCRIPTIONS 
Below are descriptions of the existing and proposed treatment systems that are contemplated to 
address interim and permanent treatment of FEMP groundwater and wastewater. Figure L. 10-5 
shows the existing and proposed locations of these systems. 

L. 10.5.1 Great Miami Aauifer Groundwater Treatment Facilities 
The permanent Great Miami Aquifer remediation treatment facilities would have a treatment capacity 
of up to 6300 gpm (see Appendix F). The treatment facilities would be implemented in 2100 gpm 
modules, with common facilities for chemical handling, regeneration of exhausted ion exchange resin, 
and processing of waste streams. The modular implementation would allow phased implementation, 
if necessary, due to potential yearly funding constraints, or allow verification of required capacity 
before final commitment of resources. 

The treatment facilities would be located near the southwest corner of the FEMP site. This location 
is desirable because of its proximity to the existing South Plume recovery system pipeline, the SWRB 
Valve House, the effluent discharge pipeline to the Great Miami River, and the AWWT Facility. 

The following subsections provide a description of a representative 2100 gpm Great Miami Aquifer 
groundwater treatment module, including the common ancillary process systems. The description 
provided is conceptual, and perhaps conservative, and will be refined during detailed design activities. 
Based on current Great Miami Aquifer groundwater modeling, up to three 2100 gpm modules are 
assumed to be required for the treatment of contaminated Great Miami Aquifer groundwater. 
Figure L. 10-6 shows the major process operations of one 2100 gpm module and the common 
ancillary process systems shared by all the Great Miami Aquifer groundwater treatment modules. A 
list of the major process equipment for one 2100 gpm Great Miami Aquifer groundwater treatment 
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26 

27 
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29 

module is given in Table L. 10-9. 30 

FER\CRUS\APXS\APP-L\L-lO&l l\Novemberl3. 1994 2:00pm L-10-23 



0 

LEGEND: 

- ---  SOUTH PLUME FORCE MAIN 

--I-- NON-CONTAMINATED WASTEWATER P I P E L I N E  

............ DISCHARGE P l P E L l N E  

_ - - - - -  FEMP BOUNDARY 

NAMED AREAS 
SCALE - 

8 5 0  F E E  D R A F T  8 5 0  4 2 5  0 

-- 
FIGURE L. 10-5. LOCATION OF GROUNDWATEWASTEWATER TREATMENT SYSTEMS 





FEMP-OSFS4 DRAFT 
November 14, 1994 

TABLE L.10-9 i 

GREAT MIAMI AQUIFER GROUNDWATER TREATMENT 
2100 GPM MODULE (WITH COMMON EQUIPMENT) 

2 

3 

Quantity Equipment Name Functional Description 4 

2 

1 

1 

5 

2 

1 

1 

8 

8 

2 

1 

1 

3 

1 

1 

1 

2 

3 

1 

1 

Equalization Tank* 

Sulfuric Acid Day Tank* 

Caustic Day Tank* 

Multi-media Filter* 

Bag Filter* 

Backwash Surge Tank* 

Break Tank* 

Activated Carbon Adsorber* 

Ion Exchange Vessel* 

Monitor Tank* 

Sulfuric Acid Storage Tank 

Caustic Storage Tank 

Regenerant Tank 

Thickener 

Eluate Storage Tank 

Waste Slurry Surge Tank 

Precipitator 

Spent Media Tank 

Vendor Solidification 
Package 

Effluent Storage Tank 

Raw groundwater equalization and pH adjustment 

Short term acid supply for pH adjustment and resin 
regeneration 

Short-term caustic supply for pH adjustment, resin 
regeneration and precipitation 

Initial groundwater filtration 

Final groundwater filtration 

Storage of backwash water containing solids 

Intermediate storage for groundwater during treatment 

Organic removal from groundwater 

Uranium removal from groundwater 

Monitoring and pH adjustment of treated groundwater 
prior to discharge 

Bulk acid storage 

Bulk caustic storage 

Storage for dilute sulfuric acid used to regenerate resin 

Settle solids from backwash water 

Storage of regenerant (eluate) loaded with uranium 

Storage for solids slurry from thickener 

Treat resin regenerant with caustic to remove uranium 
as precipitate 

Storage for exhausted resin and carbon 

Stabilize exhausted resin, carbon, and waste solids 

Storage for treated groundwater from all modules prior 
to discharge 

5 

6 

7 

- 8  

9 

IO 

II 

12 

14 14 

15 

r6 

17 

ra 

19 

20 

? I  

22 

23 

24 

* Additional 2100 gpm modules would include only those items identified with *. 
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Eaualization 1 

Groundwater would be received in equalization tanks at each 2100 gpm Great Miami Aquifer 
groundwater treatment module. If necessary, the pH would be adjusted in these tanks by adding 

continuously. A redundant agitated tank would be provided to ensure continuous operation. 

2 

3 

4 

5 

6 

either sulfuric acid or caustic soda. One equalization tank would be agitated and operated 
The 

adjusted groundwater would be pumped from the equalization tanks to a filtration system. 

Filtration 
The filtration system would consist of multi-media filter vessels. Each filter vessel would contain 
media layers of different densities and sizes ranging from coarse to fine. Each multi-media filter 
vessel would be periodically backwashed when high differential pressure is experienced across the 
filter media. After multi-media filtration, the groundwater would be routed to bag filters for final 
filtration. 

7 

a 

- 9  

- IO 

I I  

I2 

Adsorution 13 

After filtration, the groundwater would be pumped to an activated carbon adsorption system that 14 - 

would remove possible organic contaminants. I5 

not assumed due to the associated radioactive contamination. The spent activated carbon would be 16 

sluiced to the spent media tank for holding prior to processing, .including stabilization if necessary, 17 

and disposal. 18 

Regeneration of spent activated carbon by vendors is 

On-site or vendor-site carbon regeneration would be investigated before or during detailed design of 19 

the treatment facilities. The need to provide full system treatment capability for organic contaminants 

not indicate a significant concentration of organics. This treatment capability will be provided for the 

20 

would also be further investigated prior to or during detailed design as currently available data does 

first 2100 gpm module regardless. 

21 

zz 

23 

Ion Exchange 24 

After activated carbon adsorption, the groundwater would be treated by an ion exchange system for 25 

26 uranium removal. The system would consist of a train, or series of vessels, piped in parallel with 
other trains of vessels. The parallel train configuration would allow regeneration or standby of a train 
while the others remain on-line. 
removal and has proven to be successful in FEMP interim treatment systems, would be used. At the 

27 

Dowex 21K" resin, which was developed specifically for uranium 28 

29 

end of the resin's useful life, it would be sluiced to the spent media tank for holding prior to 
processing, including stabilization if necessary, and disposal. 

30 

31 
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Effluent Monitoring, 
After treatment by the ion exchange system, the groundwater would be pumped to monitor tanks. 
The pH and uranium concentration would be monitored in these tanks to verify that the treated 
groundwater is suitable for discharge or reuse as process water at the FEMP. Treated groundwater 
which does not meet the discharge requirements would be returned to the equalization tanks for 
reprocessing. Acceptable effluent discharge would be pumped from the treatment facility to the 
SWRB Valve House and combined with wastewater effluent from the AWWT Facility. The 
combined stream flows through the 24-inch force main to the Effluent Aeration Facility. 

Ancillarv Process Svstems - 9  

The ancillary process systems that would support the three 2100 gpm groundwater treatment modules - IO 

include resin regeneration and uranium precipitation, waste processing and disposal, and chemical 
supply. The following subsections provide a description of these ancillary process systems: 

I I  

12 

.Resin Regeneration and Uranium Precipitation: Exhausted resin would be 
regenerated by recirculating sulfuric acid through the ion exchange vessels. The 
uranium that is recovered from the resin would be precipitated from the sulfuric 
acid with caustic soda, concentrated in a thickener and the resulting waste slurry 
sent to the AWWT Slurry Dewatering Facility for dewatering. A vendor- 
supplied solidification system (cementation, for example) may be required to 
stabilize the dewatered waste. 

Waste Processing and Disposal: Spent carbon from the carbon adsorbers and 
spent resin from the ion exchange xessels would be sluiced, separately, to an 
agitated spent media tank. Excess sluice water would be decanted from the 
spent media and pumped back to the equalization tanks for recycling through the 
system. The spent media slurry would be transferred to a vendor-supplied 
solidification system (cementation, for example) for waste stabilization. 
Recovered uranium and other solids recovered from the filtration system would 
be dewatered at the AWWT Slurry Dewatering Facility and sent to a vendor- 
supplied stabilization system, if necessary. Stabilized waste would be 
containerized in drums for on-property or off-site disposal. 

13 

14 

17 

18 

19 

u) 

21 

22 

23 

24 

25 

26 

27 

28 

29 

e Chemical Supply: The bulk sulfuric acid and caustic soda solutions used by the 30 

groundwater treatment process would be received by truck and stored in industry standard 
tanks located in containment dikes. All necessary precautions as listed in the Material 

31 
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Safety Data Sheets would be followed for the systems designs and while handling these I 

chemicals. 2 

L. 10.5.2 Effluent Aeration Facility 3 

The Effluent Aeration Facility, provided under Removal Action #3, adds dissolved oxygen to the 
groundwatedwastewater effluent prior to discharging to the Great Miami River to meet NPDES 

4 

5 

6 permit minimum requirements of five ppm of dissolved oxygen. 

The Effluent Aeration Facility consists of a 60,000 gallon stainless steel aeration tank and a 
900 square foot building that houses two 30 horsepower (hp) water recycle pumps and two 75 hp 
compressed air blowers. There is additional building space to double the system size, if required. 

I 

' 8  ' 

lr. 

- 9  

Treated groundwater, combined with treated wastewater from the AWWT Facility is discharged from IO 

the SWRB Valve House to the Effluent Aeration Facility via a 24-inch diameter force main. 
groundwater/wastewater is diverted through a 24-inch diameter main to two parallel 20-inch aeration 
tank inlet lines. Groundwatedwastewater is aerated using four eddy mix jet aerators and discharged 

and one air blower operate continuously, and a backup up for each component is available. 

The I I  

12 

13 - 

from the aeration tank through a 24-inch main to the 24-inch diameter force main. One recycle pump 14 

15 

Downstream of the Effluent Aeration Facility, the treated groundwater/wastewater is combined at 
Manhole 176B with non-contaminated wastewater and treated Sewage Treatment Plant effluent from 
Manhole 175. 

16 

17 

18 

19 

These combined flows will pass through a parshall flume and outfall monitoring 
station for FEMP discharge flow measurement and monitoring. 

L. 10.5.3 South Plume Interim Treatment Svstem 20 

The South Plume Interim Treatment (SPIT) system was installed to provide interim treatment of 
200 gpm of South Plume groundwater. The system is housed in a building, which is located just 
north and adjacent to the SWRB Valve House. The system consists of filtration for particulate 

filter followed by a bag filter. The system uses three ion exchangers in series (two operating, one 

21 

22 

23 

removal and ion exchange for uranium removal. The SPIT filtration system consists of a multi-media 24 

25 

standby). 26 

South Plume groundwater is tapped from the South Plume 20-inch force main in the SWRJ3 Valve 
House and pumped to the multi-media filter. The multi-media filter removes particles 2 5 microns 

21 

28 

29 

30 

31 

with a 90 percent removal efficiency. 
removal of particles using 3 microns nominal size bags. 
exchange vessels. 

Groundwater then flows through the polishing bag filter for 
Groundwater then flows through the ion 

The vessels are loaded with Dowex 21K" resin to reduce the uranium 
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concentrations to less than 5 ppb. The treated groundwater is then discharged to the Great Miami 
River via the SWRB Valve House and the Effluent Aeration Facility. The spent ion exchange resin is 
not regenerated, but is stored for future regeneration at the AWWT Facility. Multi-media filter 
backwash is pumped to the General Sump via a 6-inch force main. 

L. 10.5.4 Plant 8 VOC Treatment System 
The existing Plant 8 VOC Treatment System provides removal of organics from contaminated 
perched groundwater to less than 5 ppb. The system receives water by piping and by tanker 
unloading into a 6000-gallon collection tank. From the collection tank, the water is pumped at 10 - 
12 gpm through bag filters (10-micron), followed by a cartridge filter (3-micron) for particulate 
removal. Following the filters, the water flows through a series of activated carbon drums for VOC 
removal. The treated water then flows to a holding tank and is subsequently pumped to the Plant 8 

- 

sump. 

L. 10.5.5 Storm Water Retention Basin 
The Storm Water Retention Basin (SWRB), located south of the former production area, receives 
storm water runoff from the former production area and from the FEMP parking lots. The SWRB 
has a retention capacity of about 10 million gallons. The basin consists of an east chamber and a 
west chamber, which allows collection of water in one chamber while water is discharged from the 
other chamber. Valving at the SWRB chamber inlets and at the SWRB discharge pumping station 
accommodates this operation. The basin consists of a primary bottom bentonite lining and an upper 
high-density polyethylene (HDPE) flexible membrane liner. An underdrain system underneath the 
HDPE liner is used to monitor and collect leakage through the HDPE liner. The SWRB pump station 
has a discharge capacity of 700 gpm with a second spare pump provided. 

L.10.5.6 SWRB Valve House 
The SWRB Valve House is located just north of the SWRB west chamber. The Valve House contains 
extensive valving to allow diversion of wastewater flows from the SWRB and the South Plume 
Recovery System to the various interim and future permanent treatment facilities. Valving is also 
included to divert discharges from the AWWT Facility and future groundwater treatment facilities to 
the Effluent Aeration Facility and subsequently to the Great Miami River. The valving also allows 
emergency discharge from the SWRB directly to the Great Miami River to prevent overflow of the 
SWRB due to extremely heavy rainfall or other operational difficulties. (Overflow of the SWRB is 
suspected to be a major source of the South Plume contamination.) Flow monitoring and sampling 
equipment are also provided in the Valve House. 
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This facility would remain in service throughout the life of site wastewater treatment and groundwater 
remediation. Effluent discharges from the AWWT Facility and from proposed groundwater treatment 
facilities, which constitute the total of treated contaminated groundwater/wastewater from the site, 
would be routed to the Valve House for diversion to the Effluent Aeration Facility and subsequently 
to the Great Miami River. 

L. 10.5.7 Interim Advanced Wastewater Treatment Unit at SWRB. IAWWT(SWRB1 
The IAWWT(SWRJ3) is also located just north of the SWRJ3 east chamber. SWRB discharge is 
treated by the IAWWT(SWRJ3) unit prior to discharge to the Great Miami River. The 
IAWWT(SWRB) unit consists of two trailer-mounted treatment systems, each with a 150 gpm 
treatment capacity. Prior to entering these two trailer systems, the SWRB discharge is first pumped 
through multi-media filters, installed in the SPIT Facility, for suspended solids removal. Each trailer 
system has two feed pumps, two bag filters, two cartridge filters, and three ion exchange columns 
(loaded with DOWEX 21K” resin). A dilute sulfuric acid tank and feed system for pH adjustment, a 
feed tank-and associated pumps are located in a building separate from the trailers. 

The IAWWT(SWRJ3) system is designed to remove uranium to effluent concentrations of less than 
5 ppb (less than one ppb performance has been achieved). The treated storm water is discharged 
through the SWRB Valve House and FEMP outfall line to the Great Miami River. Spent ion 
exchange resin is not regenerated, but stored for future regeneration at the AWWT Facility. 
Backwash from the multi-media filters is routed to the General Sump for subsequent treatment. 

L.10.5.8 Plant 8 Sumu 
Plant 8 is located in the western portion of the former production area. The Plant 8 Sump provides 
radionuclide and heavy metals removal by pH adjustment, chemical precipitation, and filtration. The 
system has an average treatment capacity of 100 gpm. 

Liquid process waste streams from the FEMP site are currently fed directly or via the General Sump 
to a series of “feed” tanks for storage, pH adjustment, and coagulatiodprecipitation. From these 
tanks, wastewaters and/or waste slurries are fed to rotary drum vacuum filters for uranium removal 
and the filtrate is either sent back to the General Sump, if the uranium concentration is less than 
0.0004 Ib/gal uranium (48 ppm), or is reprocessed. The filters are precoated with a filter-aid media 
and the resulting filter cake is placed in 55-gallon drums for storage or disposal. 

The filtration equipment is arranged in two process trains. One train consists of two 5000-gallon feed 
tanks that feed two six-foot diameter by eight-foot long, Eimco rotary drum vacuum filters (East and 
West Eimcos). This filtrate is sent to a 25,000-gallon tank. A second train consists of five 
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5000-gallon and one 8000-gallon feed tanks that feed one 8-foot diameter by 10-foot long Eimco 
rotary drum vacuum filter (Large Eimco). This filtrate is sent to three 6000-gallon filtrate tanks. 
The feed and filtrate tanks can be valved in alignment with any of the three Eimco filters. 

The processing capacity, per eight-hour shift, of the two filter trains is approximately 25,000 gallons 
of dilute wastewater and 6000 gallons of slurry for the East or West Eimco, and 40,000 gallons of 
dilute wastewater and 10,000 gallons of slurry for the Large Eimco. 

L. 10.5.9 General SumD 
The General Sump is just northeast of Plant 8. The General Sump is a tank farm (13 tanks with 5000 
-50,000 gallons capacity) that is primarily a transfer facility but also has the capability to provide 
limited treatment consisting of neutralization, precipitation, pH adjustment, and decantation for large 
quantities of wastewater. The General Sump receives both contaminated and non-contaminated 
wastewater streams for treatment and/or diversion to Plant 8, the BDN Surge Lagoon or High Nitrate 
Tank (HNT), or for discharge to the Great Miami River. 

, 

Recent improvements have extended the life of the General Sump and improved operating systems. 
The General Sump will remain in service to provide flow equalization capacity and can be phased out 
of service as site areas are remediated and wastewater flows diminish. 

L. 10.5.10 Biodenitrification Surpe Lagoon 
The Biodenitrification (BDN) Surge Lagoon is located in the southeast area of the Waste Pit Area. It 
is an eight million-gallon, man-made lagoon that receives contaminated FEMP wastewater from the 
General Sump as well as controlled storm water runoff from the Clearwell, Waste Pit Area Perimeter, 
and Pit 6. The discharge from the lagoon is pumped to the BDN Facility. Due to the large volume 
of the lagoon, a change in the composition of the wastewater entering the lagoon produces relatively 
constant characteristics for the BDN Facility influent. 

The lagoon has a triple liner system with two upper, HDPE membrane liners and a double leachate 
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collection system. The bottom of the lagoon is lined with a 12-inch thick layer of bentonite. - 2 5  

26 

n 

Wastewater is pumped from the Surge Lagoon to the BDN Facility from a pump station located at the 
southeast comer of the BSL. Two submersible 200 gpm pumps are installed. 

L. 10.5.11 High Nitrate Tank 28 

The High Nitrate Tank (HNT) is located southeast of the Biodenitrification Surge Lagoon (BSL). The 29 

HNT is a 500,000 gallon tank used for storing high nitrate-concentration (more than 2000 mg/l) 
wastewater from the General Sump. Concrete secondary containment surrounds the HNT. HNT 31 

FER\CRUS\APXS\APP-L\L-IO&l1\Novemberl3. 1994 2 : W m  L-10-32 



6 3 4 9  
FEMP-OSFS-4 DRAFT 

November 14, 1994 

wastewaters are combined with BSL discharge and transferred to the BDN by means of two 60 gprn I 

Pumps. 2 

Control of BDN Facility influent nitrate concentration is maintained by use of the BSL and HNT. 
The General Sump effluent is transferred to either the HNT or BSL depending upon its nitrate 

3 

4 

5 

6 

concentration. HNT contents are metered into the BDN influent stream by means of a control valve 
to maintain a relatively uniform nitrate concentration. 

L. 10.5.12 Biodenitrification Facility 
The Biodenitrification (BDN) Facility is located in the western area of the former production area, 
northwest of Plant 8. The BDN facility was designed for the purpose of reducing nitrates in 
wastewater. This facility consists of a premix tank, feed tanks, bioreactors, and effluent tank located 
inside Building 18D. The bioreactors are vertical carbon steel columns four feet in diameter by 
52 feet high. Inside the bioreactors are fluidized beds of anthracite coal particles. Each bioreactor is 
equipped with reactor charge pumps which push the wastewater into the bottom and through to the 
top, where it overflows into a header. The process is continuous and is capable of treating up to 
200 gpm. A minimum of 150 gpm is required through each bioreactor for adequate bed fluidization. 
Recycle operation is implemented to maintain 150 gpm bioreactor flow at lower net flow rates. 

The BDN Facility uses a biological process in which bacteria break down nitrates into nitrogen, 
carbon dioxide, and water. The biological treatment takes place inside the bioreactors through 
bacteria which grow on the coal particles. The bacteria are in an anoxic environment and must 
reduce nitrates for respiration. Methanol is added to the wastewater as a carbon source and 
phosphoric acid is added as a nutrient source for the bacteria. Because hydroxyl ions are produced in 
the reaction, the pH of the wastewater increases as treatment proceeds. A pH control system injects 
sulfuric acid at several points in the flow path to maintain a pH of 6.5 to 8.5 that is conducive to the 
process. With influent concentrations of 1000 to 1500 mg/l NO, (as N), the resulting effluent is less 
than 30 mg/l NO3 (as N). 
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The treated wastewater flows to the effluent tank where final pH adjustment occurs. 
are used to transfer wastewater from the effluent tank to the BDN-Effluent Treatment System 

Effluent pumps 26 

27 

(BDN-ETS) or recycle tank. 28 

L. 10.5.13 BDN Effluent Treatment System 29 

The BDN-ETS) facility is located south of the BDN Facility. The BDN-ETS provides final treatment 30 

of the BDN wastewater before it is discharged. The BDN-ETS is basically a standard activated 31 
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sludge treatment system. Its primary function is to reduce the total suspended solids (TSS) and 
biochemical oxygen demand (BOD) levels in the effluent from the BDN Facility. 

The main components of the BDN-ETS are an aeration tank, a clarifier, a sludge thickener, and a 
disinfection system. The system receives treated wastewater from the BDN Facility at a rate which 
ranges from 50 to 200 gpm in normal operation. The system is designed to produce discharge levels 
of 30/45 mg/l BOD, (daily average/daily maximum) and 30145 mg/l TSS (daily averageldaily 
maximum). 

L. 10.5.14 Interim Advanced Wastewater Treatment Unit at BDN-ETS. IAWWT(BDN-ETS) 
The IAWWT(BDN-ETS) unit is located at the BDN-ETS facility. The IAWWT(BDN-ETS) is 
designed to treat a maximum of 100 gpm of water from the BDN-ETS to reduce the uranium 
concentration to less than 5 ppb using ion exchange. 

Wastewater flows from the BDN-ETS clarifiers to the hold tank located in the BDN-ETS Building 12 

13 (18H). From the hold tank, the water is pumped through multi-media filters and bag filters to 
remove solids. The filtered water is treated in ion exchange vessels to remove uranium. Spent resin 
is not regenerated, but stored for future regeneration at the AWWT Facility. The treated water is 4 
pumped to the BDN-ETS chlorine contact and effluent tank, and then discharged to the Great Miami 16 

River. 17 

L. 10.5.15 Advanced Wastewater Treatment Facility 18 

The AWWT Facility is located in Building 51 in the southwest corner of the former production area. 19 

The AWWT Facility is scheduled to be operational in early 1995 for final treatment of all site 20 

21 contaminated storm water and other wastewater. 
1100 gpm - 700 gpm for storm water (Phase I) and 400 gpm for other wastewater (Phase 11). It will 

The facility will have a total treatment capacity of 

also provide perched groundwater treatment and will supplement interim South Plume groundwater 
zz 

23 

24 treatment. The AWWT Facility is expected to remain in operation until 2019. 

Figure L. 10-7 illustrates a simplified AWWT process flow diagram. Both phases of the AWWT - 2 5  

26 Facility use the following process operations: 

Flow equalization and pH adjustment with caustic in preparation for the downstream 27 

coagulation process. 28 

Coagulation with alum or potassium ferrate followed by clarification for reduction of 29 

suspended solids, uranium and other radionuclides, and heavy metals. Other coagulant 
chemicals may be trialed, after start-up, as part of process optimization efforts. 
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Filtration using multi-tube filters to remove suspended solids from the clarifier overflow. 
The filters would be cleaned by backwashing. 

I 

2 

e Adsorption with activated carbon for organic contaminant removal. 3 

pH adjustment to 8 and ion exchange as follows: 4 

Three ion exchange resin vessels, three regeneration tanks, and two pumps (one 
standby) are in the 400 gpm system. The wastewater would flow through two 
ion exchange resin vessels in lead/lag series with the third vessel available for 
regenerat ion. 

700 gpm of storm watedgroundwater would be split into two 350 gpm streams, each 
flowing through two ion exchange vessels in lead/lag series with the other two vessels 
available for regeneration. I I  

9 

IO 

12 

13 

14 

Ion exchange resin regeneration will be done by circulating dilute sulfuric acid 
through the ion exchange vessels. The resulting eluate undergoes precipitation, 
then thickening. The resulting waste slurry is combined with clarifier bottoms 
and filter backwash. 

Final pH adjustment, filtration, and discharge: Both the 400 gpm and 700 gpm treated 17 

18 

19 

streams are combined in the pH mixing/recycle tank, filtered using multi-tube filters, 
and discharged to the SWRB Valve House for subsequent discharge to the Great Miami 
River. 20 

Eluate treatment and waste slurry pumping to Plant 8: Eluate is mixed with 20 percent 
NaOH, heated, and pumped through two precipitators in series. The slurry is pumped 
from the second precipitator through an in-line mixer to the inclined plate thickener. 
Dilute caustic is added in the two precipitators and also at the in-line mixer. Thickener 
underflow, as well as clarifier underflow and filter backwashes, is pumped to the waste 
slurry surge tank. The waste slurry collected in the surge tank is pumped to Plant 8 for 
further treatment. Treatment in Plant 8 will be discontinued when the new AWWT 
Slurry Dewatering Facility becomes operational in late 1995. Thickener overflow is 
pumped to the recycle tank, then to the equalization tank. 

21 

22 

23 

24 

25 

26 

n 

28 

29 
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L. 10.5.16 AWWT Slurry Dewatering Facility 

at the AWWT Facility. The primary purpose of the new AWWT Slurry Dewatering Facility is the 
processing (dewatering) of waste slurries and sludges from the AWWT Facilities and those generated 
from future groundwater remediation treatment. The dewatering of miscellaneous site waste sludges 

I 

The AWWT Slurry Dewatering Facility is scheduled to be operational in late 1995 and will be located 2 

3 

4 

5 

6 

7 

(i.e., those from the SWRB, BDN Surge Lagoon, Sewage Treatment Plant, etc.) may also be 
performed at this new facility. 

The total estimated volume of slurry that would be fed to the slurry dewatering facility includes 8 

- 9  25,000 gallons per day from the AWWT Facility, 3500 gallons per day from groundwater 
remediation treatment, and undefined volumes from other miscellaneous sources. Therefore, the - IO 

.,- 

AWWT Slurry Dewatering Facility will have an estimated treatment capacity of about 30,000 gallons 
per day. The AWWT and groundwater treatment waste slurries are estimated to contain between one 

I I  

12 

and three percent solids. 13 

The proposed AWWT Slurry Dewatering Facility consists of three primary operational steps: 
thickening and clarification, filtration, and drying. The dewatered waste material will be packaged 
for on-property or off-site disposal. A flow diagram of the system is illustrated in Figure L. 10-8. 

L. 10.5.17 Non-Contaminated Wastewater Treatment 
As described above, non-contaminated wastewater is routed to the General Sump for subsequent 
discharge to Manhole 175. In the near future, these streams will be rerouted for direct discharge to 
Manhole 175, and the former non-contaminated side of the General Sump will be used for 
contaminated streams. 

Sanitary sewage waste is currently treated at the FEMP Sewage Treatment Plant, which is located 
southeast of the former production area. The Sewage Treatment Plant consists of a sewage lift 
station, primary settling basins, trickling filters, secondary settling basins, an anaerobic digester, and 
ultraviolet disinfection units. 

L. 10.5.18 Groundwater/Wastewater Discharge to the Great Miami River 
The proposed disposition of treated FEMP groundwater/wastewater is described below: 

14 - 

15 

16 

17 

I S  

19 

20 

21 

26 

21 

The effluent from the AWWT Facility and from groundwater treatment facilities will be discharged to 

Aeration Facility to adjust the dissolved oxygen concentration. At Manhole 176B, downstream of the 

28 

the SWRB Valve House. From the Valve House, these combined streams flow to the Effluent 29 

30 

Effluent Aeration Facility, non-contaminated wastewater from Manhole 175 is combined with the 31 
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effluent from the Aeration Facility. This total FEMP wastewater discharge flows through a parshall 
At this outfall monitoring point, sampling will also be performed to 

obtain analysis for NPDES and other required outfall reporting. From the parshall flume, the total 
discharge flows through the outfall piping to the Great Miami River. 

I 

2 

3 

4 

flume for flow measurement. 
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L.11,O CENTRAL STORAGE FACILITY 

According to the Removal Action 17 Work Plan, approximately 7100 yd3 of contaminated soil are 
currently stored on site in controlled stockpiles while awaiting final disposition. It is anticipated that 
an additional 1100 yd3 of contaminated soil would be generated before 1998 as a result of ongoing or 
future remedial actions, construction projects, and removal actions. 

The Removal Action 17 Work Plan proposes construction of a Central Storage Facility (CSF) to 
provide interim storage of current contaminated soil stockpiles. The CSF would be a containment 
structure that would store contaminated soil and non-recoverable debris generated from various areas 
throughout the FEMP. The CSF is intended to store contaminated soil containing a total uranium 
activity concentration greater than 100 pCi/g, a total radium concentration exceeding 5 pCi/g, a total 
thorium concentration exceeding 50 pCi/g, or nonradiological regulated waste materials. Materials 
would be segregated in the containment structure based on the type of contamination (Le., asbestos, 
petroleum, PCB, hazardous, radioactive, and mixed). The currently designed CSF storage capacity is 
as follows: 

5000 yd3 for bulk soil 
4970 ft2 for bulk hazardous debris 
4970 ft2 for containerized hazardous material/debris 

Material would remain in the CSF until it can be decontaminated, treated, or packaged for final 
disposal pursuant to the selected remedial alternative. Material from the CSF would not be used as 
backfill. 

The CSF would be an unheated tension support structure on a concrete pad with secondary 
containment. The CSF would have forced ventilation equipment to remove vehicle fumes from inside 
the facility. The CSF would have a sump drain system to collect water which may leach from stored 
soils and debris or result from vehicle washing and decontamination. 

After the existing soil stockpiles are remediated, the CSF would be retained for use as a staging 
facility for small quantities (less than or equal to 50,000 yd3) of contaminated materials which exceed 
the waste acceptance criteria for on-site disposal and, therefore, must be shipped offsite for disposal. 

i 

2 

3 

4 

5 

6 

7 
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M.l.O OVERVIEW 

Section 3.0 of this feasibility study (FS) summarizes the results of the identification. screening and 
evaluation of applicable technologies and process options that will be used to assemble the remedial 
action alternatives for Operable Unit 5 .  The intent of Appendix M is to provide a more complete 
description of the universe of process options considered, and to show the rationale involved in the 
initial screening and evaluation procedures as applied to each of the process options considered in this 
report. 

Remedial action alternatives for Operable Unit 5 were developed by identifying remedial technologies 
and process options within these technologies that may be applied to the various contaminated media 
at the site. These media include groundwater, which encompasses both the Great Miami Aquifer 
groundwater and perched groundwater, and soil, which includes on- and off-property soil and 
sediment. The identification, screening and evaluation of technologies and process options have been 
conducted in consideration of these two major media types. 

Technologies considered in selecting remedial action alternatives for these media include those 
identified in 40 CFR 300, relevant U.S.  Environmental Protection Agency (EPA) RVFS guidance, 
(EPA 1988a), the Operable Unit 5 Initial Screening of Alternatives Report, and FS’s for other FEMP 
operable units. Additional technologies were considered based on experience and information gained 
through remedial action planning and implementation at similar sites. 

D 

Media-specific remedial technologies and associated process options were identitied for each of the 
general response actions. Each process option was initially screened for technical implementability; 
i.e., information such as site conditions and types and concentrations of contaminants were used to 
eliminate or screen out various process options that would either not apply or could not be technically 
implementable at the site, If no viable process option remained from a technology family, the 
technology was also eliminated. This initial screening process reduces the variety of possible process 
options within a given technology group to a smaller, more manageable number of options which can 
then be subjected to evaluation. 

The purpose of evaluation is to obtain a reasonable number of process options to combine into 
remedial alternatives. The evaluation step only compares similar process options within a specific 
remedial technology group. At the conclusion of the evaluation, a representative process option(s) 
will be selected from those remaining in each technology group. This is done to minimize the 
generation of large numbers of similar alternatives. Selecting a representative process option does not 
preclude the use of other acceptable process options in the remedial design. B 
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M.2.0 INITIAL SCREENING OF TECHNOLOGIES 
AND PROCESS OPTIONS FOR GROUNDWATER 

The identification and initial screening of technologies and process options applicable to groundwater 
are presented in Table M.2-1. This table summarizes the general response actions, remedial 
technologies, and process options associated with the Great Miami Aquifer and perched groundwater 
media and presents the results of the initial screening process. Unshaded areas in this table represent 
those technologies/process options which have passed initial screening procedures. Technologies and 
process options to address collected storm water and process wastewaters generated during remedial 
actions are included, where appropriate, in the following discussions addressing groundwater due to 
the similarity in contaminants of concern (COCs). In addition, the technologies and process options 
applicable to nonrecoverable debris and the residual streams resulting from the treatment of the Great 
Miami Aquifer, perched groundwater, collected storm water, and process wastewaters will be 
addressed in the discussions within the soil and sediment sections of this appendix. 

Following is a description of the identification and initial screening for the universe of technologies 
and process options which were considered to be potentially applicable to groundwater media within 

Operable Unit 5. Table M.2-2 presents the technologies and process options for groundwater. 
process wastewater and storm water that have passed the initial screening process, and will be 
retained for further evaluation. 

D 
M.2.1 NO ACTION 
The no-action general response action is retained as a baseline for comparison to other remedial 
alternatives, as required by the National Oil and Hazardous Substances Pollution Contingency Plan 
(NCP). The no-action response provides no additional remediation, maintenance, or security 
activities at the site to further minimize risk to public health and the environment. 

M.2.2 INSTITUTIONAL CONTROLS 
Institutional controls are used to restrict intentional or unintentional use or contact with contaminated 
groundwater. Institutional controls are typically segmented into active and passive controls. Active 
controls would include monitoring technologies to examine contaminant migration, while passive 
controls would include legal measures such as deed restrictions. 

M.2.2.1 Monitoring Technologies 
Monitoring would be conducted during the implementation of any selected remedial action alternative 
to assess short-term impacts to workers and the public. Additionally, sampling and/or monitoring 
would be employed following completion of remedial actions to demonstrate attainment of remedial B 
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TABLE M.2-1 
INITIAL SCREENING OF TECHNOLOGIES 

AND PROCESS OFl'IONS FOR GROUNDWATER 
(Unshaded items indicate passing initial screening process) 

Required by NCP I Not Applicable No activities conducted at site to address 
None I I contamination. 

Monitoring Groundwater 
Monitoring 

Sampling of newly installed or existing 
wells to assess contaminant migration in 
groundwater. 

Potentially applicahle to 
GMA and perched 
groundwater 

Leachate - 
Monitoring 

Sampling and analysis of leachate 
collection systems. 

Potentially applicahle to  
perched groundwater 

Surface Water 
Monitoring 

Sampling and analysis of storm water 
runoff or treated groundwater discharged 
to surface streams. 

Potentially applicahle to 

GMA and perched 
groundwater. 

Potentially applicahle t o  
GMA. 

AccesslUse 
Restrictions 

Alternate Water 
Supply 

Replacement of contaminated 
groundwater source with alternative water 
supply for end user. 

Barrier used to restrict site access (e.g., 
fencing, security, etc.) 

Physical Barriers Potentially applicable tn 
GMA and perched 
groundwater. 

Administrative action using propew 
deeds to restrict hture site activities. 

Potentially applicahle to 
GMA and perched 
groundwater. 

Potentially applicahle t o  
GMA and perched 
groundwater. 

Continued 
Federal 
Ownershiu 

Continued property ownership of all or 
part of the FEMP site to restrict future 
site activities through ownership rights. 

Cap formed with multiple layers including 
topsoil, clay, synthetic membrane, 
sandlgravel, etc. 

Potentially applicable to 
GMA and perched 
groundwater. 

Multilayer Cap 

Vertical Slurry 
Wall 

Potentially applicable to 
perched groundwater 

Subsurface 
Water 
Control 

Vertical slurry barrier used to restrict 
lateral migration of groundwater and 
isolate contaminants. 

Horizontal slurry barrier used to restrict 
vertical migration of contaminated 
groundwater. 

Horizontal 
Slurry Barrier 

Potentially applicable to 
perched groundwater 
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General 
Response 

Action 

Containment 
(continued) 

- Remedial 
Tech nolocv Process ODtinn Screening Comment$ 

Subsurface 
Water 
Control 
(continued) 

Suhsurface 
Drains 

Gravity tlow French drain type collection 
system used to contain shallow 
groundwater. 

Potentially applicahle t o  
perched groundwater 

Sheet piling joined and driven into ground 
to prevent horizontal migration o f  
contaminated groundwater. 

Sheet Piling Potentially applicahle to  
perched groundwater 

Potentially applicahle to  
GMA and perched 
groundwater. 

Pumping Wells Injection or extraction wells used to 
contain andlor redirect contaminated 
groundwater flow hy altering hydraulic 
gradient. 

Discrete conventional pumping wells used 
to remove contaminated groundwater. 

Removal Suhsurface 
Water 
Extraction 

Potentially applicahle t o  
GMA and perched 
groundwater. 

Vertical 
Extraction Wells 

7 Directional 
Extraction Wells 

Discrete pumping wells, directionally 
drilled at an angle. used to remove 
contaminated groundwater. 

Potentially applicahle t o  
CMA and perched 
groundwater. 

Collection 
TrenchlFrench 
Drain 

A permrahle trench used to collect, 
convey or divert surface water. 
groundwater or leachate tlow. 

Potentially applicahle t o  
perched groundwater 

Excavation Use of conventional earthmoving 
equipment and pumping to access and 
remove contaminated groundwater during 
contaminated soil excavation. 

Potentially ;cpplicahle tt)  

perched groundwater 

Electroosmosis Application of an electrical field to induce 
groundwater flow through soil. 

Potenhafiy applicahle to 
perched groundwater 

Potenhauy applicable to 
GMA and perched 

r r e a t m e n t In Situ 

Vapor Sparging Injecting air or COz into the groundwater 
to increase the solubility and mobility of 
contaminants. 
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TABLE M.2-1 
(Continued) 

FEMP-OSFS-4 DRAFT 
Novemher 14, 1994 

General 
Response 1 Remedial I 

Action Technology Process Option 

Treatment 
[continued) 

Physical Equalization 

Sedimentation/ 
Clarification 

Ultrafiltration 

Multimedia 
Filtration 

Reverse Osmosis 

Volatilization i Adsorption 

Description 
~~ 

Dampening o f  tlow andlor contaminant 
concentration variation in a large basin or 
tank to promote constant discharge rate 
and water quality hefore further 
processing. 

Gravity settling of suspended solids from 
water in a hasin or clarifier. 

Removal of dissolved high molecular 
weight contaminants and fine suspended 
or colloidal particles from water hy 
forcing the contaminated liquid through 
filter memhranes. 

Separation of suspended matter from 
water via tlow through a hed of sand, 
anthracite. etc. 

Use o f  high pressure and memhranes to 
separate dissolved materials. including 
organics and inorganics from water. 

Contact of water with gas stream to 
remove volatile compounds; air  stripping 
o r  steam stripping methods are typically 
employed. 

Adsorption of contaminants onto a 
substrate media such as activated carbon, 
resins o r  activated alumina. 

Process in which noncontaminant ions, 
held by electrostatic forces to charged 
functional groups on the ion exchange 
resin surface, are exchanged for 
contaminant ions of similar charge in a 
water stream. 

Screenin): Comments 

Potentially applicahle to 
G M A  and perched 
groundwater. 

Potentially applicahle to 

G M A  and perched 
groundwater. 

Potentially applicahle to 
G M A  and perched 
groundwater. 

Potentially applicahle to  

G M A  and perched 
groundwater. 

Potentially applicahle to 
G M A  and perched 
groundwater. 

Potentially applicahlr to 

G M A  and perched 
groundwater. 

Potentially applicahle to 
G M A  and perched 
groundwater. 

Potentidy applicable to 
G M A  and perched 
groundwater. 
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TABLE M.2-1 

(Continued) 
FEM P-05 FS-4 DRAFT 

Novemher 14, 1994 

General 
Response 

Action 
Remedial 

I Screenine Comments 

Treatment 
(continued) 

Recovery of anions or cations using 
special memhranes under the influence of 
an electrical current. 

Potentially applicahle t o  
CMA and perched 
cmundwater. 

Use of chemicals to neutralize surface 
charges and promote attraction of 
colloidal narticles to facilitate settlinr. 

Potentially applicahle to 
GMA and perched 
croundwater. 

Use of acids or bases to neutralize high o r  
low pHs or to adjust pH to satisfy the 
requirements of a xiven process. 

Potentially applicahle to 
GMA and perched 
croundwater. 

Use of reagents to convert soluhle 
contaminants into insoluhle state to he 
removed hy filtration o r  settling. 

Potentially applicahle to 

GMA and perched 
groundwater. 

Chemical 
Precipitation 

amc concentrations. 

Use of strong oxidizers such as ultraviolet 
light, ozone, peroxide, chlorine, or 
permanganate to chemically oxidize 
materials; typically hydrogen peroxide 
(andlor ozone) with UV light is used for 
groundwater remediation. 

Potentially applicahle to 
GMA and perched 
groundwater. 

Enhanced 
Oxidation 

Potentially applicahle to 
GMA and perched 
groundwater. 

Chemical 
Reduction 

Treatment by 
Advanced Waste 
Water 
Treatement 
( A W )  
Facility 

Use of strong reducing reagents such as 
sulfur dioxide, sulfite, or ferrous iron to 
chemically reduce the oxidation state of 
contaminants. thus making them more 
amenable to removal from a Liquid 
stream. 

Treatment of perched groundwater, storm 
water and process wastewater by AWWT 
system using equalization, pH adjustment, 
chemical precipitation, clarification, 
filtration, carbon adsorption and ion 
exchange. 

Physic& 
Chemical 

Potentially applicable to 
perched groundwater 
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General 
Response 

Action - 
Treatment 

(continued) 

Direct Discharge 
to Surface Water 

Disposal1 
Discharge 

Discharge of treated groundwater to the 
Great Miami River 

Potentially applicahle t o  
CMA and perched 
groundwater. 

TABLE M.2-1 
(Continued) 

FEMP-OSFS-4 DRAFT 

a November 14, 1994 

Remedhl  
Technolow Process Option Description Screenine Comments 

Biosorption Use of an algae-based ion exchange resin 
to remove heavy metals and radionuclides 
from groundwater 

Potentially applicahle to  

CMA and perched 
groundwater. 

On-Property 

On-Property/ 
Off-Property 

Off-Property 

Beneficial Reuse Reuse of treated groundwater, as 
necessary, for site process water. 

Potentially applicahle to 
CMA and perched 
groundwater. 

~~ ~ 

Direct Discharge 
to Surface Water 

Surface I 
Subsurface 
Discharze 

Discharge of treated groundwater t o  
Paddys Run. 

Use of reinjection wells or spray 
irrigation to discharge treated 
groundwater to underground. 

Potentially applicahle to 
CMA and perched 
groundwater. 

Potentially applicahle to 
CMA. 
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Technology 

TABLE M.2-2 

Process Option 

GROUNDWATER TECHNOLOGIES AND PROCESS OPTIONS 
RETAINED FOR FURTHER EVALUATION 

None 

Monitoring 

General Response 
Action Components 

Not applicable (G,P) 

Groundwater monitoring (G.P) 
Leachate monitoring (P) 
Surface water monitoring (G,P) 

~ 

No Action 

Access/Use Restrictions 

Capping 

Subsurface Water Control 

Subsurface Water Extraction 

Institutional Controls 

Alternate water supply (G)  
Physical harriers (G.P) 
Deed restrictions (G,P) 
Continued Federal ownership (G,P) 

Multilayer cap (G,P) 

Vertical slurry wall (P) 
Horizontal slurry harrier (P) 
Subsurface drains (P) 
Sheet piling (P) 
Pumping wells ( G )  

Vertical extraction wells (G,P) 
Directional extraction wells (G.P) 
Collection trenchlFrench drain (P) 
Excavation (P) 
Electroosmosis (P) 

Containment 

Removal 

Treatment 

6349  

DisposaUDischarge 

In Situ 

Physical 

Chemical 

PhysicalKhemical 

Biological 

On-Property 

On-Property10ff-Property 

Off-Property 

Vapor sparging (G.P) 

Equalization (G.P) 
Sedimentation/clarification (G.P) 
ultrafiltration (G.P) 
Multimedia filtration (G.P) 
Reverse osmosis (G,P) 
Volatilization (G,P) 
Adsorption (G,P) 

Ion Exchange (G,P) 
Electrodialysis reversal (G,P) 
Coagulationlflocculation (G,P) 
Neutralization (pH adjustment) (G,P) 
Chemical precipitation (G,P) 
Enhanced oxidation (G.P) 
Chemical reduction (G,P) 

Treatment by AWWT facility (P) 

Biosorption (G,P) 

Beneficial reuse (G,P) 
Direct discharge to Paddys Run (G,P) 

Surface/subsurface discharge (G) 

Discharge to Great Miami River (G,P) 

(G) Potentially Applicable to Great Miami Aquifer Groundwater 
(P) Potentially Applicable to Perched Groundwater 
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action objectives and, as necessary, assess the continued performance of wastewater treatment and 
disposal systems and groundwater management systems. Monitoring process options include: 

0 Groundwater monitoring 
Leachate monitoring 
Surface water monitoring. 

Groundwater Monitoring Process ODtion 
This process option involves the sampling and analysis of groundwater using existing and/or new 
monitoring wells to evaluate plume management remediation techniques by evaluating contaminant 
migration in both the Great Miami Aquifer and affected perched water zones. Groundwater 
monitoring is applicable to both Great Miami Aquifer groundwater and perched groundwater and has 
been retained for further evaluation. 

Leachate Monitoring Process Option 
For this process option, leachate from Contaminated soil would be monitored using existing and/or 
newly constructed monitoring wells, seepage basins, or diversion ditches. Leachate monitoring is 
applicable to perched groundwater and has been retained for evaluation. 

Surface Water Monitoring Process Option 
Monitoring of surface water is useful in definition and management of groundwater contamination 
sources. In addition, monitoring of discharges of recovered and/or treated groundwater and process- 
generated wastewater to receiving streams is required under the Comprehensive Environmental 
Response, Compensation and Liability Act (CERCLA). 'Compliance monitoring is conducted at the 
Fernald Environmental Management Project (FEMP) at all discharge points to a receiving stream. 
Such monitoring is envisioned to continue for all discharges from the site to local surface streams. 
Surface water monitoring is applicable to any treated Great Miami Aquifer groundwater or perched 
groundwater and has been retained for further evaluation. 

M .2.2.2 Access/Use Restrictions 
Access/use restrictions would be implemented to regulate access to the site or development of the site 
to preclude human exposure to contaminated media. This technology category includes active 
controls, which consist of physical barriers such as fences, gates, and security forces, and passive 
controls, which include administrative actions such as continued ownership and deed restrictions. 
Accesshse restrictions include: 

Alternate water supply 
Physical barriers 
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Deed restrictions 
Continued federal ownership. 

Alternate Water Supply 
This process option would involve the replacement of a contaminated groundwater source with an 
alternative potable water supply for the end user. Under the terms of the South Groundwater 
Contamination Plume Removal Action, an alternate groundwater supply system was provided to one 
industrial user. A small ion exchange system, supplied by the FEMP, is being substituted for 
contaminated groundwater at one residence located to the south of the FEMP, and bottled water is 
presently being supplied to a number of local residences in the South Plume area. The treatment 
system and bottled water are considered interim measures until final plans are formulated and 
implemented for Operable Unit 5 through the CERCLA process. Additionally, the FEMP is 
cooperating with Hamilton County, Ohio, in the installation of a public water supply system to areas 
adversely impacted by the contaminated groundwater. This public water supply system will permit 
the discontinuance of the use of the small ion exchange treatment system and the bottled water. Each 
of the FEMP remedial alternatives takes into consideration the use of this alternate water supply 
system as a near-term measure to eliminate contaminated groundwater usage. The use of a permanent 
alternative water supply is applicable to Great Miami Aquifer groundwater only and has been retained 
for evaluation. B 
Phvsical Barriers 
Physical barriers limit the potential for inadvertent public or worker exposure to on-property 
contamination by restricting entry. Public access to the FEMP production area is controlled by 
security forces, fencing, and signs. Use of this process option would include continuing the use of 
such barriers to restrict access and human contact with portions or all of the FEMP property to 
minimize the potential for exposure to site contaminants. No consideration is being given to 
extending physical barriers off FEMP property to potentially impacted adjacent areas, except as 
necessary to preclude human intrusion into active remediation areas. This process option is applicable 
to both Great Miami Aquifer and perched groundwater at the site and has been retained for further 
evaluation. 

Deed Restrictions 
Deed restrictions involve restricting the use of land during and after remediation by recording the 
restrictions in property deeds. Deed restrictions could be employed to restrict groundwater usage 
from on and off FEMP property areas during and after active remediation. Deed restrictions are 
applicable to both Great Miami Aquifer and perched groundwater and have been retained for B evaluation. 
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Continued Federal OwnershiD 
Continued federal ownership involves continued control of portions or all of the FEMP property by 
the federal government with the intent to restrict site development activities through the rights oft 
ownership. Under this process option, on-property development activities such as agricultural or 
residential usage could be restricted or eliminated by the federal government, which as the property 
owner, would retain all rights to preclude these activities. The federal government would continue 
custodial oversight of the property through the Department of Energy (DOE) or another governmental 
agency. No consideration is being given in this FS to extending such rights of ownership off the 
FEMP property through purchase of potentially affected neighboring properties. This process option 
is applicable to both Great Miami Aquifer and perched groundwater at the site and has  been retained 
for further evaluation. 

M. 2.3 CONTAINMENT 
Long-term containment consists of technologies that confine contaminated media to their current 
locations. These technologies limit the migration of contaminants from affected media and reduce the 
associated potential for exposure. While such response actions reduce the potential for contaminant 
transport by precluding transporting media (i.e., rainwater, wind, etc.,) from contacting impacted 
media, the technologies do not affect the actual toxicity, mobility or volume of the contaminated 
media. Containment actions include capping and subsurface water control technologies. 

M.2.3.1 CaDoing Technologies 
A contaminated area can be capped by placing low-permeability physical barriers to restrict 
infiltration of precipitation to contaminated soil, sludge, or sediment that could result in contaminant 
leaching. A stabilized surface fil l  would be required before cap placement. Design life of any cap 
should be 1000 years, which is the general applicable or relevant and appropriate requirement 
(ARAR)-based requirement for caps being considered for wastes of the type present in Operable 
Unit 5. Capping process options include: 

Single-layer cap 
Multilayer cap. 

Single-Laver Cap Process Oution 
A single-layer cap uses concrete, asphalt, synthetic membranes, or soil to effectively control erosion 
and minimize precipitation infiltration. All of these single-layer caps are subject to weathering; 
however, the periodic application of special surface treatment chemicals will help maintain the 
integrity and low permeability of the concrete and asphalt caps. Because the design life for single- 
layer caps is significantly less than 1000 years, this process option will be eliminated from further 
consideration. 
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Multilaver Cap Process Option 
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i 

The multilayer cap combines-the most effective attributes of single-layer capping options by using 
more than one barrier material to form multiple layers over the contaminated media. These caps 
typically consist of vegetative cover, topsoil, sand/gravel, clay, and impermeable synthetic membrane 
layers. This layered design offers the highest degree of effectiveness by using the properties of the 
various layers to control erosion and limit infiltration while providing weather protection. Multilayer 
capping can meet the 1000 year life requirement, is applicable to perched groundwater and the Great 
Miami Aquifer, and has been retained for evaluation. 

M.2.3.2 Subsurface Water Control Technologies 
Subsurface contamination can be isolated by lateral barriers such as slurry walls, subsurface drains. 
pumping wells, grout curtains, or sheet pilings. The purposes of these technologies are to collect and 
control leachate flow and to prevent clean Great Miami Aquifer or perched groundwater from 
contacting contaminated subsurface soil. The effectiveness of subsurface flow controls depends upon 
the size and depth of the affected area and the nature of site-specific geologic and hydrogeologic 
conditions. Subsurface water control technologies include: 

Vertical slurry walls 
Horizontal slurry barrier 
Grout curtains 
Subsurface drains 
Sheet piling 
Pumping wells. 

Vertical Slurrv Wall Process ODtion 
A vertical slurry wall is used to restrict lateral flow of groundwater and thus isolate subsurface soil 
contamination. A slurry wall is a fixed underground physical barrier that is formed by pumping a 
slurry (usually a soil, cement, bentonite, and/or water mixture) into a trench.as excavation proceeds, 
allowing the slurry to set while backfilling. The slurry is used primarily to maintain the trench during 
excavation. Due to depth limitations for vertical slurry walls, this process option would only be 
applicable to perched groundwater and has been retained for additional evaluation to be used as a 
support option in conjunction with other containment options. 

Horizontal Slurrv Barrier Process Option 
A horizontal slurry barrier is used to restrict vertical flow of groundwater and thus isolate subsurface 
soil contamination. Horizontal barriers are formed by pumping a slurry made up of a soil, cement 
and/or bentonite, and water mixture into notched injection holes enabling the formation of a barrier 
beneath an area of contamination. This horizontal barrier, used in conjunction with vertical slurry 
walls and a top cover, can effectively isolate an area of contaminated groundwater. Due to the depth D 
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limitations for this process option, it would only be applicable to perched groundwater for use as a 
support technology in conjunction with other containment options. 

Grout Curtain Process ODtion 
A grout curtain is a narrow, vertical wall installed into the ground to divert laterally flowing 
groundwater. This underground barrier is formed by injecting either a particulate grout such as 
portland cement or a chemical grout such as sodium silicate into the ground. This type of barrier is 
typically applied to seal porous or fractured bedrock. This process option is only effective to depths 
of approximately 30 to 40 feet and requires a confining layer of clay or rock into which the bottom of 
the grout curtain is keyed. Grout curtains will be eliminated from further consideration as a 
containment process option because there is no confining layer shallow enough to key into at the 
FEMP site. 

Subsurface Drains Process Ootion 
Subsurface drains include any type of buried conduit used to collect, convey, or divert groundwater 
or leachate by gravity flow. A subsurface drainage system often includes perforated drain pipe or a 
gravel bed to convey flow to a storage tank or sump for further processing. Due to the depth 
limitations of subsurface drains, this process option would only be applicable to perched groundwater 
and has been retained for additional evaluation. 

Sheet Piline Process Ootion 
Sheet pilings are constructed by driving webbed sections of sheet piling into the ground. Sections are 
joined before being driven into the ground and initially are not watertight. However, the joints 
eventually fill with fine-to-medium-grained soil particles which usually block the major flow of water. 
but are generally not watertight. Because of unpredictable wall integrity, sheet pilings are seldom 
used except for the temporary dewatering of construction sites or as erosion protection where another 
barrier intersects flowing water. Sheet piling will be considered for further evaluation as a support 
option to be used during perched water excavation activities. 

Pumoing Wells Process Option 
Pumping wells either extract or inject water in order to contain or remove a groundwater 
contamination plume or adjust groundwater levels to prevent plume migration. Pumping wells can 
also be used in conjunction with other groundwater containment controls to maximize system 
efficiency. This process option could be applicable to the Great Miami Aquifer groundwater at the 
FEMP site and has been retained for further evaluation. 
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D M.2.4 REMOVAL 

FEMP-05FS-4 DRAFT 
November 14, 1994 

The removal general response action applies to groundwater at the FEMP s,ite before eventual 
treatment and/or discharge. Subsurface water extraction is the only remedial technology applicable 
for the removal of contaminated groundwater. 

M.2.4.1 Subsurface Water Extraction Technologies 
Removal of groundwater can be performed by vertical and directional extraction wells, wellpoint 
systems, collection trenches, excavation, electroosmosis, and bedrock fracturing. These process 
options do not reduce contaminant mobility, toxicity, or volume, but they are required in order to 
remove and convey contaminated groundwater to ex situ treatment. The subsurface water extraction 
process options include: 

Vertical extraction wells 
Directional extraction wells 
Wellpoint system 
Collection trench/French drain 
Excavation 
Electroosmosis 
Bedrock fracturing. 

Vertical Extraction Wells Process ODtion D 
Vertical extraction wells are used to capture contaminated groundwater in overburden deposits and 
bedrock. They could be used in conjunction with ex situ groundwater treatment technologies to 
remediate contaminated groundwater. As discussed in the previous section, vertical extraction wells 
can also be used to either extract or inject water in order to contain or reduce a groundwater 
contamination plume, or'adjust groundwater gradient levels to prevent plume migration. This process 
option would be applicable to both Great Miami Aquifer and perched groundwater at the FEMP site 
and has been retained for further evaluation. 

Directional Extraction Wells Process Option 
Directional extraction wells use the same principles as vertical extraction wells except they are 
directionally drilled at an angle rather than vertically drilled into a groundwater zone. The advantage 
is that directional wells can pump water from a larger subsurface cross section and thus reduce the 
number of wells required. At the FEMP site, this process option would be applicable to both perched 
and Great Miami Aquifer groundwater and has been retained for additional evaluation. 

Wellpoint System Process Option 
A wellpoint system consists of numerous closely spaced wells which are connected to a common 
header and pumped from a single location by a suction pump. This can be a cost-effective process B 
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option for removing shallow groundwater; however, the maximum depth limitation of approximately 
22 feet for this technology would not be sufficient for extracting Great Miami Aquifer and most 
perched groundwater at the FEMP site. Therefore, wellpoint systems will be eliminated from 
consideration as a viable removal process option. 

Collection Trench/French Drain Process ODtion 
A collection trench or French drain includes any type of excavated trench or buried conduit used to 
collect, convey, or divert groundwater or leachate by gravity flow. This process option often uses 
perforated drain pipe or a gravel bed to convey flow to a storage tank or sump for further treatment 
and/or disposal. Due to depth limitations of about 40 feet, a collection trench or French drain would 
not be applicable to Great Miami Aquifer groundwater at the FEMP site, but it has  been retained for 
further evaluation as a removal process option for perched groundwater. 

Excavation Process Option 
Excavation involves the use of common construction equipment such as a backhoe or other standard 
equipment to remove soil or sediment. This process option, used in conjunction with dewatering 
techniques, would be applicable at the FEMP site to remove shallow pockets of contaminated perched 
groundwater within zones of contaminated soil which are also to be remediated by excavation. This 
process option has been retained for the removal of perched groundwater and will be further 
evaluated. 

Electroosmosis Process Omion 
Electroosmosis is a technique used for the dewatering of soil that contains significant concentrations 
of ionized inorganic contaminants. In this process an electrical field is applied to the soil to induce 
groundwater flow in a certain direction. Due to the large areas of soil contamination associated with 

the site, this technology would not be applicable to the Great Miami Aquifer groundwater; however, 
it could apply to the smaller perched groundwater zones and will be retained' for more detailed 
evaluation. 

Bedrock Fracturing Process ODtion 
Bedrock fracturing involves the blasting or hydrofracturing of bedrock to promote access to 
contaminated groundwater contained within bedrock formations. This process option would not apply 
to either the perched groundwater zones, which are made up of glacial overburden, or to the Great 
Miami Aquifer, which is basically a sand and gravel aquifer. Therefore, bedrock fracturing will be 
eliminated from consideration as a process option for the removal of groundwater. 
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The treatment general response action includes the following treatment technology types: in situ. 
physical, chemical, physical/chemical, thermal, and biological. Treatment is used to reduce the 
toxicity, mobility, and/or volume of a contaminated material. 

M.2.5. I In Situ Treatment Technologies 
In situ treatment technologies such as chemical flushing and vapor sparging could be considered 
indirect treatment techniques which increase the solubility and mobility of contaminants in the 
groundwater, thereby reducing the total remediation time required when used in conjunction with 
various removal and ex situ treatment technologies. Other process options such as in situ 
bioremediation can be used to directly treat groundwater contaminated with biodegradable organics. 
In situ treatment process options include: 

Chemically induced soil flushing 
Vapor sparging 

8 B ioremed i at ion. 

Chemicallv Induced Soil Flushing Process Option 
In situ soil flushing is a process applied to unexcavated soil and used in conjunction with a removal 
technology such as a groundwater extraction/reinjection system. This process option consists of 
injecting a solvent or surfactant solution to enhance contaminant solubility in the groundwater and 
thus increase contaminant recovery. Soil flushing could be applicable as a way to speed up the 
contaminant removal process. However, due to the very large areas of contaminated soil and the 

heterogeneous nature of the subsurface environment, channeling and poor contact times will reduce 
the effectiveness of this process option. Chemically induced soil flushing will therefore be eliminated 
from consideration as an in situ treatment process option. 

B 

VaDor barging Process ODtion 
Vapor sparging is an in situ process that forces a gaseous medium into the groundwater in conjunction 
with a removal technology such as a groundwater extraction/reinjection system or a vapor extraction 
system. This process option could be applied to the Great Miami Aquifer as a technique used to 
increase the solubility/mobility of contaminants, particularly uranium, which would be oxidized to the 
hexavalent state, preferably in the carbonate form. The optimum sparging gas for the purpose of 
converting uranium into the highly mobile carbonate form would be carbon dioxide. Sparging with 
air could also increase the mobility of uranium in a carbonate-rich soil and groundwater matrix. 
Sparging with air or carbon dioxide has been retained'for further evaluation as a process option to 
increase the mobility of contaminants in the Great Miami Aquifer in order to effectively reduce the 
time period for aquifer restoration. D 
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Bioremediation Process Owion 
Bioremediation is an in situ process that uses bacteria to biodegrade various organic contaminants by 
injecting oxygen and nutrients, such as nitrogen and phosphorus, into the groundwater and associated 
soil. Microorganisms, usually those indigenous to the soil, are used to completely degrade organic 
compounds into water and carbon dioxide in the presence of oxygen and nutrients, near neutral Ph, 
and ambient soil temperatures. Because the great majority of the COCs are radionuclides, heavy 
metals, and refractory (nonbiodegradable) organics, this process option is not considered applicable 
for remediating Operable Unit 5 groundwater. Therefore, bioremediation will be eliminated from 
consideration as an in situ treatment process option. 

M.2.5.2 Phvsical Treatment Technologies 
Physical treatment technologies could be applied to remove contaminants from recovered 
groundwater, collected storm water, and process wastewater. Physical treatment facilities are 
currently operational at the FEMP addressing collected storm water flows and process wastewater. 
These technologies contain both support and primary treatment process options. Equalization and the 
separation processes such as sedimentation/clarification, ultrafiltration, multimedia filtration, and 
flotation would be considered minor or support treatment process options. Reverse osmosis, 
volatilization, adsorption, evaporation, distillation, crystallization, and ion exchange would be 
considered major or primary treatment process options. Physical treatment process options include: 

e 

e 

e 
e 

e 
0 

a 

e 
'e 
e 

. e  

Equalization 
Sedimentation/clarification 
Ultrafiltration 
Multimedia filtration 
Flotation 
Reverse osmosis 
Volatilization 
Adsorption 
Evaporation 
Distillation 
Crystallization. 

Eaualization Process Option 
Equalization is a treatment support option which involves the dampening of variations in flow rate 
and/or contaminant concentration by detaining wastewater flows in large tanks or basins. 
Equalization prevents flow and/or contaminant concentration surges that could adversely upset 
subsequent (Le., downflow) treatment operations. 
as part of site wastewater treatment systems. Equalization could be applicable to the treatment of 
both the Great Miami Aquifer and perched groundwater, as well as storm water and process 

Equalization is presently employed at the FEMP 
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Novrmher 14, 1994 ' wastewater flows in Operable Unit 5, and has been retained for evaluation as a physical treatment 
process option. 

Sedimentation/Clarification Process ODtion 
This process option consists of the gravity settling of suspended solids from water in a clarifier 
(clarification) or large basin (sedimentation). This process could be applicable as a treatment support 
option for all Operable Unit 5 groundwater, storm water, and process wastewater, and has been 
retained for further evaluation. 

Ultrafiltration Process ODtion 
Ultrafiltration is a low-pressure membrane filtration process that separates high molecular weight 
solutes or colloids from an aqueous solution. Ultrafiltration could be applicable for the removal of 
fine suspended or colloidal particles, or any high molecular weight organic contaminants which might 
be found in Operable Unit 5 groundwater, process wastewater, and collected storm water. This 
physical treatment support option has been retained for further evaluation. 

Multimedia Filtration Process ODtion 
Multimedia filtration is a process where water flows through porous multimedia, such as anthracite 
and sand, to remove suspended solids. This process is effective in removing both organic and 
inorganic contaminants that are bound to suspended solids in th.e water stream. This process option 
could be applicable to all water media in Operable Uni t  5 as a pretreatment step to the primary 
treatment processes, or it could be applicable as a final polishing step following the primary treatment 
processes. Multimedia filtration has been retained for further evaluation as a physical treatment 
support option to reduce suspended solids in all Operable Unit 5 groundwater, process wastewater and 
collected storm water. 

B 

Flotation Process ODtion 
Flotation involves the separation of oils (or other fine particles less dense than water) from water 
using a gravity separator or a gas bubbling mechanism such as a dissolved or induced air flotation 
system. Because free oil phases and fine suspended particulates are not major COCs in Operable 
Unit 5 groundwater, flotation will be eliminated from consideration as a treatment process option. 

Reverse Osmosis Process ODtion 
Reverse osmosis uses high pressure and a semipermeable barrier that will pass only certain 
components of a solution. The membrane is permeable to water, but impermeable to most dissolved 
organic and inorganic substances. Clean water is produced on the downflow side of the membrane 
while a concentrated reject stream, containing organic and inorganic contaminants, remains on the 
upflow side. ' Reverse osmosis could be applicable in treating most dissolved contaminants in both B 
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Great Miami Aquifer and perched groundwater, and therefore has  been retained for additional 
evaluation. 

Volatilization Process ODtion 
Volatilization, or air stripping, involves the passing of large volumes of air through water 
contaminated with volatile organic compounds (VOCs) in a packed column, or involves the use of 
diffused aeration to promote the transfer of the volatile contaminants to the air stream. Steam 
stripping is a similar process except that steam is used as the carrier gas and provides heat to enhance 
removal. Volatilization could be applicable to the treatment of low level VOCs in both Great Miami 
Aquifer and perched groundwater and has  been retained for further evaluation. 

.Adsomtion Process Option 
Adsorption involves the physical attraction of solute molecules to exchange sites on the internal pore 
surface areas of various media such as activated carbon, activated alumina, or resins. Activated 
carbon is most widely used in the treatment of water and wastewater for the removal of a wide range 
of organic contaminants, and could be applicable to Great Miami Aquifer and perched groundwater 
and other collected storm water and process wastewater as a means of removing organics. It has been 
retained as a physical treatment process option for further evaluation. 

EvaDoration Process ODtion . 

Evaporation is the conversion of water from a liquid to a gaseous state at a high temperature as a 
means of removing suspended and dissolved solids from the water being treated. As a treatment 
option, evaporation is normally applied to slurries and water streams with higher solids and 
contaminant concentrations than those found in the Great Miami Aquifer and perched groundwater in 
Operable Unit 5. Therefore, this process will be eliminated from further consideration as a physical 
treatment option. 

Distillation Process Option 
In the distillation process, heat is used to separate various organic contaminants from water based on 
the difference in boiling points. The process is most often used to separate or purify organic product 
streams, some of which could contain aqueous fractions, and is rarely used for groundwater or 
surface water remediation. Due to relatively low organic concentrations in Operable Unit 5 
groundwater, distillation will be eliminated from consideration as a physical treatment process option. 

Crvstallization Process Oution 
Freeze crystallization uses refrigeration to separate contaminants from water, based on the differences 
in freezing points. For this process to be effective, contaminant concentrations would have to be 

I -  

7 

.I 

5 

h 

7 

X 

I O  

I I  

I? 

13 

IS 

16 

17 

:3 

?.I 

21 

28 

XI 

31 

32 

33 

34 

35 

36 

FER\CRU5\APXS\APP-M\-~~Novcmbcr 13. 1994 I :35pm M-2- 18 



6349 
FEMP-05FS-4 DRAFT 

November 14, 1994 

considerably higher than those currently present in the groundwaters in Operable Unit 5.  Therefore, 
crystallization will be eliminated from consideration as a process option. 

M.2.5.3 Chemical Treatment Technologies 
Chemical treatment technologies include support and primary treatment process options which could 
be applied to recovered Operable Unit 5 groundwater, collected storm water, and process wastewater. 
Coagulation/flocculation and neutralization would be considered support options, while solvent 
extraction, electrodialysis, electrolytic recovery, polymerization, dehalogenation, chemical 
precipitation, hydrolysis, reduction, and enhanced oxidation would be considered primary treatment 
process options. Chemical precipitation was employed at the FEMP for over 40 years as the primary 
treatment process for addressing uranium production processing wastewater. A chemical precipitation 
treatment process is currently under construction as part of the advanced wastewater treatment 
(AWWT) facility, as discussed in M.2.5.4. 

Chemical treatment process options include: 

e 
e 
e 

e 
e 

e 

e 

e 

e 
e 

e 
e 

Ion exchange 
Solvent extraction 
Electrodialysis reversal 
Electrolytic recovery 
Coagulation/flocculation 
Polymerization 
Dehalogenation 
Neutralization 
Chemical precipitation 
Hydrolysis 
Enhanced oxidation 
Cherfiical reduction. 

Ion Exchange Process ODtion 
Ion exchange is a process in which noncontaminant ions, held by electrostatic forces to charged 
functional groups on the ion exchange resin surface, are exchanged for contaminant ions of similar 
charge in the water stream. Ion exchange is currently being effectively used at the FEMP site to treat 
low-level uranium-bearing wastewater. Ion exchange could be applied to all recovered groundwater, 
collected storm water and process wastewater as a treatment process option for the removal of 
inorganic contaminants, including heavy metals and radionuclides. Therefore, the ion exchange 
process option has been retained for further evaluation. . 

Solvent Extraction (Liauid/Liauid) Process Option 
Solvent extraction is a process in which a liquid solvent, immiscible in water and with a higher 
affinity for the organic contaminants than water, is used to separate those contaminants from the water 

B 
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medium. The contaminants can then be recovered from the solvent through evaporation or distillation 
techniques. This process option is not applicable to the Operable Unit  5 groundwater, storm water, 
or process wastewater since organic contaminant concentrations are not sufficiently high to make 
solvent extraction effective. Therefore, it will be eliminated from consideration as a chemical 
treatment process option. 

Electrodialvsis Reversal Process Oution 
Electrodialysis is an electrochemical separation process in which ions are transferred through water- 
impermeable membranes from a less concentrated to a more concentrated solution by means of direct 
electric current. Electrodialysis reversal uses electrical polarity reversal, through an arrangement of 
electrodialysis reversal membrane stacks, to continually produce demineralized water. A membrane 
stack consists of a set of electrodes with a series of alternating anion and cation transfer membranes. 
Electrodialysis reversal could be applicable to Great Miami Aquifer and perched groundwater, 
collected storm water, and process wastewater for the treatment of heavy metals and radionuclide 
contamination, and has been retained for further evaluation. 

Electrolvtic Recoverv Process Omion 
Electrolytic recovery involves the recovery of contaminant anions and cations from water onto 
positive and negative electrodes when an electric current is passed through the water medium. As a 
treatment option, electrolytic recovery is normally applied to wastewater with higher contaminant 
concentrations than those found in the Operable Uni t  5 groundwater. storm water, and process 
wastewater. Therefore, electrolytic recovery will be eliminated from further consideration as a 
chemical treatment process option. 

Coaeulation/Flocculation Process Oution 
Coagulation/flocculation are closely related processes that involve the addition of chemical reagents to 
a wastewater to neutralize the surface charges on finely graded suspended particulates and promote 
particle agglomeration, thus encouraging the formation of larger particles that are too large to remain 
in suspension. This process option could be applicable to all Operable Unit  5 recovered groundwater. 
storm water, and process wastewater as a support step to chemical precipitation in the removal of 
heavy metals and radionuclides. This process option has been retained for further, evaluation. 

Polvmerization Process Oution 
Polymerization involves the use of chemical catalysts to promote the formation of long-chained 
organic polymers from organic monomer contaminants. The heavy, long-chained polymers can then 
be removed by filtration or settling techniques. Polymerization would not be applicable to the 
Operable Unit 5 groundwater, storm water, or process wastewater because they do not contain 
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significant concentrations of organic monomer contaminants. This process option will be eliminated 
from further evaluation. 

B 

Dehalopenation Process Option 
Dehalogenation is accomplished by using reducing agents such as sulfur dioxide or sodium sulfite to 
strip halogen atoms such as chlorine from organic compounds. For this process to be effective, 
halogenated organics would have to be considerably higher in concentration than are currently present 
in the groundwater, storm water, or process wastewater in Operable Unit 5. Therefore, 
dehalogenation will be eliminated from consideration as a chemical treatment process option. 

Neutralization (DH Adjustment) Process Option 
Neutralization is the adjustment of a water's pH by the addition of an acid or base so that the water is 
no longer acidic or basic. This process could be used for the treatment of acidic or alkaline water. or 
as a support process to adjust pH to a certain level in order to maximize the efficiency or 
requirements of other treatment/disposal options. Neutralization could be applicable as a support 
treatment process option for Operable Unit 5 wastewater, storm water, and recovered groundwater 
and has been retained for further evaluation. 

Chemical Precipitation Process Option 
Chemical precipitation involves the addition of an acid or base. often in conjunction with a 
coagulant/flocculant aid, to adjust the pH in  a wastewater to a point where inorganic contaminants 
have a lower solubility and thus tend to precipitate out of solution. This process option could be 
applicable for treating heavy metals and radionuclide contaminants in Operable Unit  5 groundwater, 
storm water, and process wastewater. Chemical precipitation has been retained for further evaluation 
as a chemical treatment process option. 

D 

Hvdrolvsis Process Option 
Hydrolysis is the process of breaking a bond in an organic molecule that is normally not water soluble 
so that it will go into solution. Typically a chemical reagent such as an acid or caustic is added to the 
solution to achieve the desired reaction. However, it can also be achieved by photolysis or through 
the use of enzymes. Water is generated in the reaction. Hydrolysis would not be applicable to the 
Operable Unit 5 storm water, process wastewater, and recovered groundwater due to the low organic 
contaminant concentrations. This treatment option will be eliminated from further consideration. 

Enhanced Oxidation Process Option 
This process option involves the use of strong oxidizers such as ozone, peroxide, permanganate, or 
chlorine in conjunction with photolysis to raise the oxidation state of a contaminant and thereby 
change the solubility, stability, or separability of that contaminant. The process most commonly used ' 
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in groundwater remediation is hydrogen peroxide and/or ozone in conjunction with ultraviolet light. 
Enhanced oxidation could be applicable to Operable Unit 5 groundwater, storm water and process 
wastewater for the treatment of certain organic and inorganic contaminants and has  been retained as a 

process option for further evaluation. 

Chemical Reduction Process ODtion 
Chemical reduction involves the use of strong reducing reagents such as sulfur dioxide, sulfites, or 
ferrous iron to lower the oxidation state of a contaminant and thereby change its solubility, stability, 
or separability. This process option could be applicable to Operable Unit  5 groundwater, storm 
water, and process wastewater for the treatment of certain inorganic contaminants and has been 
retained as a chemical treatment process option. 

M.2.5.4 Phvsical/Chemical Treatment Technologies 
To address the low concentrations of the various organic and inorganic contaminants found in the 
site’s storm water, process wastewater and groundwater, a process which combines many of the 
identified physical and chemical process options would be required. This process option, as described 
below, has been designed to achieve compliance with the terms of a DOE order and to support the 
completion of a supplemental project agreed to by DOE and EPA. The physical/chemical process 
option evaluated is advanced wastewater treatment. 

AWWT Facilitv Process Oution 
The AWWT facility, which is currently under construction on the FEMP property. has sufficient 
design treatment capacity to treat all the projected process wastewater to be generated by remedial 
actions for Operable Units 1 through 5, collected site storm water, and extracted perched 
groundwater. The system presently under construction does not have sufficient design capacity to 
treat the expected flows of extracted groundwater from the Great Miami Aquifer.’ The AWWT 
facility consists of the following sequential treatment steps: equalization, pH adjustment (1st stage), 
chemical precipitation, clarification, filtration, carbon adsorption, pH adjustment (2nd stage), ion 
exchange, neutralization, and final filtration. Each of the treatment processes contained in the 
AWWT facility has been previously discussed and has passed initial screening in this FS. On this 
basis, the AWWT facility is retained for further evaluation, and is applicable to perched groundwater, 
storm water and process wastewater. 

M.2.5.5 Thermal Treatment Technologies 
This technology includes only one treatment process option--wet air oxidation. 
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i 

Wet air oxidization breaks down oxidizable organic and inorganic contaminants using a high 
temperature, high pressure, aqueous environment. This process is used primarily in the treatment of 
sanitary wastewater treatment plant sludge or concentrated organic liquid waste streams. Due to the 
relatively low contaminant concentrations in the storm water, process wastewater, Great Miami . 

Aquifer and perched groundwater, and the resultant low concentrations of organics expected in the 
residuals generated by other treatment processes, wet air oxidization would not be a practical 
treatment option and is eliminated from further consideration. 

M.2.5.6 Biological Treatment Technologies 
There are several biological processes available for treating contaminated waters. Biological 
treatment process options use living organisms such as bacteria or fungi to detoxify or immobilize 
contaminants in water media by converting organic and occasionally inorganic contaminants to 
nontoxic end products. Biological treatment process options include: 

Aerobic detoxification 
Anaerobic detoxification 
Aerobic/anaerobic detoxification 
Biosorption 
Denitrification. 

Aerobic Detoxification Process ODtion 
Aerobic detoxification employs aeration and microorganisms to destroy the organic constituents in 
groundwater or wastewater through decomposition in a suspended growth or fixed film process. This 
process option would not be applicable to the Operable Unit 5 groundwater, storm water, or process 
wastewater because the concentrations of organic contaminants are not sufficiently high to support a 
viable microorganism (biomass) population. Therefore, aerobic detoxification will be eliminated from 
consideration as a potential biological treatment process option. 

Anaerobic Detoxification Process ODtion 
Anaerobic detoxification employs anaerobic biomass to destroy the organic constituents in a 
groundwater or wastewater through decomposition in a suspended growth or fixed film process. This 
process option would also not be applicable to the FEMP groundwater and other wastewater due to 
low organic concentrations. Therefore, anaerobic detoxification will be eliminated from further 
consideration as a potential biological treatment process option. 
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Aerobic/Anaerobic Detoxification Process Option 
Aerobic/anaerobic detoxification employs both aerobic and anaerobic biomass in conjunction with 

long detention times to destroy the organic constituents in groundwater or wastewater through 
decomposition in a suspended growth facultative process in a pond or basin. Once again. this process 
option would not be applicable to the FEMP groundwater or other wastewater due to low organic 
concentrations. Therefore, aerobic/anaerobic detoxification will also be eliminated from consideration 
as a process option. 

Biosorution Process Oution 
Biosorption uses an algae-based resin consisting of algal cells immobilized in a silica gel polymer to 
adsorb heavy metal ions from an aqueous solution. The process is based on the natural affinity of 

algae cell walls for heavy metal ions. This process option could be applicable for the treatment of 
heavy metals and radionuclides with heavy metal properties in the Great Miami Aquifer and perched 
groundwater at the site. Biosorption has been retained for further evaluation as a potential biological 
treatment process option. 

Denitrification Process Oution 
Denitrification involves the use of microorganisms to reduce nitrates and nitrites in groundwater and 
wastewater to molecular nitrogen. This process employs a respiratory mechanism in which the 
nitratehitrite replaces molecular oxygen in bioassimilation. The FEMP currently has an operational 
large-scale denitrification facility. This facility is planned to be used to support Removal Action 
Number 20, Stabilization o f  Uranyl Nitrate Inventories. Following this action. the existing facility is 
planned to be taken out of active status due to the low nitrate concentration in existing wastewater 
tlows at the site. Denitrification would not be applicable to any of the Operable Uni t  5 groundwater. 
future generation of process wastewater, or collected storm water due to low nitrate and nitrite 
concentrations. Therefore, this process option will be eliminated from further consideration. 

M .2.6 DISPOS AL/DISCH ARGE 
Several disposal/discharge technologies may be used following removal and treatment as part of the 
remedial action. DisposaUdischarge technologies include on-property, on-property/off-property . and 
off-property. A discussion of the process options associated with water disposal/discharge 
technologies is also presented. 

M. 2.6.1 On-Prouertv Disposal/Discharge Technologies 
On-property disposal/discharge process options include: 

Beneficial reuse 
Direct discharge to Paddys Run. 
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Beneficial Reuse 
Beneficial reuse involves the reuse of treated site groundwater for site process water. Due to the high 
expected flow rates of recovered groundwater and the reduced demands at the FEMP, not all of the 
treated groundwater or other treated waste streams could viably be reused. The volume of the treated 
groundwater would greatly exceed the volume that could be used for cooling, makeup, and other 
auxiliary process support streams. Beneficial reuse of a portion of the treated groundwater would be 
applicable to Great Miami Aquifer and perched groundwater, process wastewater, and storm water. 
Beneficial reuse has  been retained for further evaluation. 

Direct Discharge to Paddvs Run 
Direct discharge of treated or untreated site groundwater or storm water to an on-property surface 
water such as Paddys Run could be accomplished in conjunction with a surface water monitoring 
(National Pollution Discharge Elimination System [NPDES] type) program. This process option 
could not be applied to process wastewater without prior treatment. This process has been retained 
for evaluation as a potential disposal option. 

M.2.6.2 On-Propeq/Off-Propertv DisDosal/Discharge Technologies 
This technology includes only one treatment process option--surface/subsurface discharge. 

Surface/Subsurface Discharge 
Surface/subsurface discharge involves the use of spray irrigation or injection wells to discharge 
treated wastewater onto or below the ground surface. This process option could be used in a 
groundwater gradient control strategy for the Great Miami Aquifer and has been retained for further 
evaluation as a disposal process option. 

M.2.6.3 Off-Prouertv DisDosaVDischarge Technologies 
Off-property disposal/discharge process options include: 

Indirect discharge to publicly owned treatment works 
Indirect discharge to a permitted treatment, storage, and disposal facil ity 
Direct discharge to the Great Miami River. 

Indirect Discharge to Publiclv Owned Treatment Works Process ODtion 
Due to the large anticipated volume of groundwater and process wastewater expected to be generated 
by the Operable Unit 5 remediation process, indirect discharge to a publicly owned works for 
treatment would not be applicable because no facility exists in the FEMP area which is designed to 
address the type and volume of contaminated FEMP wastewater. Therefore, this process option will 
not be retained for further evaluation. 
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Indirect Discharge to a Permitted Treatment Storage and DisDosal Facilitv Process ODtion 
Indirect discharge to an off-site permitted treatment, storage, and disposal facility for treatment would 
not be feasible because hauling of large volumes of untreated water by either truck or rail would be 
required. Therefore, this process will be eliminated from further consideration. 

Direct Dischawe to Surface Water Process ODtion 
Direct discharge of treated Operable Unit 5 groundwater and process wastewater to an off-property 
surface water such as the Great Miami River could be accomplished in conjunction with a surface 
water monitoring (NPDES type) program. The FEMP recently completed the installation of a high 
density polyethylene pipeline to carry treated wastewater flows to the Great Miami River. This 
process has been retained for further evaluation as a disposal option. 
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M.3.0 INITIAL SCREENING OF TECHNOLOGIES AND 
PROCESS OPTIONS FOR SOIL AND SEDIMENT 

The identification and initial screening of technologies and process options applicable to soil and 
sediment are presented in Table M.3-1. This table summarizes the general response actions, remedial 
technologies, and process options 'associated with soil and sediment and presents the results of the 
initial screening process. Unshaded areas in this table represent those technologies/process options 
which have passed initial screening procedures. Due to the similarity in COCs, technologies and 
process options to address various treatment process residuals and nonrecoverable debris are incl tided. 
where appropriate, in the following discussions addressing soil and sediment. Following is a 
description of the identification and initial screening for the universe of technologies and process 
options which were considered for soil and sediment within Operable Unit 5 .  Table M.3-2 presents 
the technologies and process options for soil and sediment, nonrecoverable debris and treatment 
process residuals that have passed the initial screening process, and will be retained for further 
evaluation. 

M.3.1 NO ACTION 
The no-action general response action is retained as a baseline for comparison to other remedial 
alternatives, as required by the NCP. The no-action response provides no additional remediation. 
maintenance, or security activities at the site to further minimize risk to public health and the 
environment. 

B 

M.3.2 INSTITUTIONAL CONTROLS 
Institutional controls are used to restrict intentional or unintentional use or contact with contaminated 
soil, sediment, and groundwater. Institutional controls are typically segmented into active and passive 
controls. Active controls include physical barriers and monitoring technologies to examine 
contaminant migration, while passive controls include legal controls such as deed restrictions. 

M.3.2.1 Monitoring Technologies 
Monitoring would be conducted during the implementation of any selected remedial action alternative 
to assess short-term impacts to workers and the public. Additionally, sampling and/or monitoring 
would be employed following completion of remedial actions to demonstrate attainment of remedial 
action objectives and, as necessary, assess the continued performance of any engineered on-property 
disposal systems. Monitoring process options include: 

Surface water monitoring 
Groundwater monitoring 
Leachate monitoring. 

FER\CRUS\APXSWP-M\-TEXTUiovernbcrl3. 1994 1:35pm M-3- 1 

, 
i 

2 

3 

J 

5 

6 

7 

X 

9 

1 0  

I I  

L? 

13 

14 

I S  

16 

17 

I X  

19 

20 

21 

2 2  

23 

?J 

25 

26 

27 

28 

29 

XI 

31 

32 

33 

Y 

35 

36 

37 

38 



FEMP-05FS-4 DRAFT 
Novemher 14. 1994 

TABLE M.3-1 

INITIAL SCREENING OF TECHNOLOGIES 
AND PROCESS OPTIONS FOR SOIL AND SEDIMENT 

(Unshaded items indicate passing initial screening process) 

Remedial 
Tech nology 

None 

Monitoring 

AccesslUse 
Restrictions 

Capping 

Surface Water 
Control 

Process Option Description Scrwninl: Coinmenb 

Not Applicable 

Surface Water 
Monitoring and storm water ditches to assess 

contamination. 

I Groundwater Sampling of newly installed or existing Potentially applicahle. 
Monitoring wells to assess contaminant migration. 

Leachate Sampling and analysis of leachate Potentially applicahlr. 
Monitoring collection systems. 

Physical Fencing, markers, andlor warning signs Potentially applicahle. 
Barriers to restrict site access. 

Security Guards Supplement physical harriers by Potentially applicahle 
monitoring for breaches and trespassers. 

Deed Administrative action using property Potentially applicahle. 
Restrictions 

Continued Continued property ownership of all cir Potentially applicahle. 
Federal 
Ownership 

deeds to restrict hture site activities. 

part of the FEMP site t o  restrict future 
site activities through ownership rights. 

Multilayer Cap Cap formed with multiple layers including 
topsoil, clay, synthetic membrane, etc. 

Diversion/ Dikes, berms, channels, chutes, and ' 

Collection ditches to control run-on, runoff, erosion, 
and infiltration. 

Recontour the land surface to limit run- 
on, runoff, erosion, and infiltration. 

Vegetative cover to stahilize soil. 

Grading 

Revegetation 

Potentially applicable. 

Potentially applicahle 
as a support action. 

Potentially applicahle 
as a support action. 

Potentially applicahlr 
as a support action. 
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Technology I Process Option I Description I Screenine Comments 

Potentially applicahle. I Excavation Excavation Removal of soil and sediment using I conventional earthmovinlr eauioment. 

Visually sort large dehns using Potenhally applicahle 

to idenhfy radiologically and organic 
contaminated matenal. 

Physicall 
Chemical leaching agent such as water, acid, 
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TABLE M.3-1 
(Continued) 
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General 
Response 

Action 

Treatment 
(continued) 

? 

Solidification 

Polymer 
Stabilization 

Description 

Ex situ process to minimize waste through 
volume reduction by physically separating 
out size fractions of soil or sediment 
containing minimal contamination. 

Cement, lime, or other pozzolanic 
materials are mixed with soil to 
immobilize contaminants. 

Soil is mixed with asphalt, bitumen, 
paraffin, or polyethylene and heated to 
form a stable solid. 

Soil is mixed with a polymer and catalyst 
to form a stable solid. 

Contaminated soil is mixed with molten 
glass to form a stable solid. 

Application of heat at relatively low 
temperature to remove organics from 
excavated soil by volatilization. Vapor 
phase is treated by incineration or carbon 
adsorption. 

Rotary kiln used to destroy organic 
contaminants by high temperature 
incineration. 
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Screening Comments 

Potentially applicahle. 

Potentially applicable. 

Potentially applicahle. 

Potentially applicahle. 

Potentially applicable. 

Potentially applicable 
as support process to 
remove low levels of 
organics; additional 
treatment for metals 
and radionuclides 
required. 

Potentially applicahle 
as support process to 
remove low levels of 
organics; additional 
treatment for metals 
and radionuclides 
required. 



General 
Response 

Action - 
rreatment 
[continued) 

Storage 

Remedial 
Technology - 

Thermal 
(continued) 

Intermediate 
Storage 

Process ODtion 

Fluidized Bed 
Combustion 

Circulating Bed 
Combustion 

Infrared 
Incineration 

Plasma 
Centrifugal 
Furnace 

Central Storage 
Facility 

TABLE M.3-1 
(Continued) 

Deshuction of organic contaminants in a 
vessel containing a bed of hot, inert 
granular particles into which waste is 
injected. 

Similar to fluidized bed cornhushon, 
except air is added to increase turbulence 
and operating temperatures are lower. 

Employs an intense flux of near infrared 
radiation to inihate and sustain pyrolysis 
of the feed matenals and t o  destroy 
organics. 

Soil is detoxified by the use of heat from 
a plasma torch to vaporize organic 
contaminants and immobilize metals and 
radionuclides in a nonleachable glass-like 
matrix. 

Short term storage for staging and 
packaging of contaminated soil and 
sediment, residuals, and nonrecoverable 
debris before shipment to appropriate 
disposal facility. 
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Screening Commenb 

Potentially applicahle 
as support process to 
remove low levels o f  
organics: additional 
treatment for metals 
and radionuclides 
reauired. 

Potenhally applicahle 
as support process to 

remove low levels ot 
orgarucs: addihonal 
treatment tor metals 
and radionuclides 
required. 

Potenhally applicahle 
as support proce\s to 
remove low levels of 
organics: additional 
treatment tor metals 
and radionuclides 
required. 

Potentially applicahle. 

Potentially applicable. 
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Remedial 
Technolow Process Option 

TABLE M.3-1 
(Continued) 

Description Screening Comments 
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November 14, 1994 

General 
Response 

Action 
L 

Disposal Disposal of treated soil by using it as 
backfill in on-site excavations. 

Disposal of soil andlor residuals in an on- 
property disposal cell. 

On-Propetty Potentially applicahle. 

Potentially applicahle. 

Off-Site 

~~ ~~ 

Consolidating slightly contaminated soil at 
a central location with grading and cover 
or capping. 

Disposal of contaminated soil at NTS. 

Disposal of contaminated soil at a 
permitted commercial facility. 

Waste 
Transportation 

Potentially applicahle 

Potentially applicable. 

Potentially applicahle. 

Backtilling 

Use of trucks for transporting waste from 
areas of contamination to disposal arras 
on the site or for off-site disposal. 

Engineered 
Disposal Cell 

Potentially applicahle 
as a support action. 

Consolidation 

Rail Transport 

Nevada Test 
Site (NTS) 

Permitted 
Commercial 
Facility 

~ ~~ 

Use of rail transportation to transport 
waste off site for disposal. 

Potentially applicahle 
as a support action. 

Truck Transport 
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Process Option 

TABLE M.3-2 

SOIL AND SEDIMENT TECHNOLOGIES AND PROCESS OFI'IONS 
RETAINED FOR FURTHER EVALUATION 

Monitoring 

AccessNse Restrictions 

Capping 
Surface Water Control 

Excavation 

Physical 

Physical/Chemical 

Solidification/ 
Stabilization 

Thermal 

Intermediate Storage 

On-Property Disposal 

Off-Site Disposal 

Waste Transportation 

General Response 
Action Component 

No Action 

Institutional Controls 

Containment 

Removal 

Treatment 

Storage 

Disposal 

Surface water monitoring 
Groundwater monitoring 
Leachate monitoring 

Physical barriers 
Security guards 
Deed restrictions 
Continued Federal ownership 

Multilayer cap 

Diversion/collection 
Grading 
Revegetation 

Excavation 
Sorting/separation 

Dewatering/drying 

Soil washing 
Physical separation 

Cement-/Pozzolan-based solidification 
Thermoplastic solidific a t '  ion 
Organic polymer stabilization 
Vitrification 

Thermal desorption 
Rotary kiln incineration 
Fluidized bed combustion 
Circulating bed combustion 
Infrared incineration 
Plasma centrifugal furnace 

Central storage facility 

Backfilling 
Engineered disposal cell 
Consolidation 

Nevada Test Site 
Permitted commercial facility 

Truck transport 
Rail transport 

None I Not applicable 
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Surface Water Monitoring 
Monitoring of surface water is useful in assessing contaminant migration, if any occurs, from areas 
where contaminant concentrations are above acceptable regulatory requirements. Surface water 
monitoring is applicable to soil and sediment and h a s  been retained for further evaluation. 

Groundwater Monitoring 
Groundwater monitoring involves the sampling and analysis of groundwater using existing and/or new 
monitoring wells to evaluate the performance of any engineered disposal or containment systems. 
Groundwater monitoring has been retained for further evaluation. 

Leachate Monitoring 
Leachate monitoring involves the sampling and analysis of leachate from contaminated soil using 
existing and/or newly constructed monitoring wells, seepage basins, and diversion ditches to evaluate 
the performance of any engineered disposal or containment systems. Leachate monitoring has been 
retained for further evaluation. 

M. 3.2.2 Access/Use Restrictions 
Access/use restrictions would be implemented to regulate access to the site or development of the site 
to preclude human exposure to contaminated media. This technology category includes active 
controls, which consist of physical barriers such as fences, gates, and security forces, and passive 
controls, which include administrative actions such as continued federal ownership and deed 
restrictions. Access/use restrictions include: 

Physical barriers 
Security guards 
Deed restrictions 
Continued federal ownership. 

Phvsical Barriers 
Physical barriers limit the potential for inadvertent public or worker exposure to on-property 
contamination by restricting entry. Public access to the FEMP production area is controlled by 
security forces, fencing, and signs. Use of this process option would include continuing the use of 
such barriers to restrict access and human contact with portions or all of the FEMP property to 
minimize the potential for exposure to site contaminants. No consideration is being given in this FS 
to extending such physical barriers beyond FEMP property to potentially impacted adjacent areas, 
except as necessary to preclude human intrusion into active remediation areas. This process option is 
applicable to Operable Unit 5 soil and sediment, and has been retained for further evaluation. 
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Securitv Guards 
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i 

Security guards would supplement physical barriers by monitoring for breaches in the barriers and for 
trespassers that may have entered the controlled areas. Security guards are retained for further 
consideration. 

Deed Restrictions 
Deed restrictions involve restricting the use of land during and after site remediation by recording the 
restrictions in property deeds. Deed restrictions could be employed to restrict intrusion into 
contaminated soil on existing FEMP property areas during and after active remediation. 
Deed restrictions are applicable to soil and sediment and have been retained for evaluation. 

Continued Federal Ownership 
Continued federal ownership involves continued ownership of portions or all of the FEMP property 
by the federal government with the intent to restrict site development activities through the rights of 
ownership. Under such a process option, on-property development activities such as agricultural or 
residential use could be restricted or eliminated by the federal government, which, as the property 
owner, would retain all rights to preclude these activities. The federal government would continue 
custodial oversight of the property through the DOE or another governmental entity (i.e., Department 
of the Interior). No consideration is being given in this FS to extending such rights of ownership off 
the FEMP property through purchase of potentially affected neighboring properties. Continued 
federal ownership has been retained for further evaluation. 

B 

M.3.3 CONTAINMENT 
Long-term containment consists of technologies that confine contaminated media to their current 
locations. These technologies limit the migration of contaminants from affected media and reduce the 
associated potential for exposure. While such response actions reduce the potential for contaminant 
transport by precluding transporting media (e.g., rainwater runoff, wind, etc.,) from contacting 
impacted media, the technologies do not reduce the actual toxicity, mobility or volume of the 
contaminated media. Containment actions include capping and surface water control technologies. 

M.3.3.1 Capping Technologies 
Capping involves the installation of a low-permeability barrier over the surface of a contaminated 
area. Capping is designed to control erosion, prevent the generation of leachate due to surface water 
infiltration, and control direct and indirect exposure to Contaminants through inhalation, ingestion, or 
dermal contact. Both single-layer and multilayer caps are potentially applicable. Single-layer caps 
include the use of clay, soil, asphalt, concrete, or synthetic membranes. Special coatings may be 
needed for asphalt and concrete caps. While installation of a multilayer cap is more complex than t h e  

single-layer cap, it may be applicable to areas that require more confinement due to greater associated B 
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health and/or environmental risks. In addition, a multilayer cap may be considered to be an integral 
part of an on-property landfill or disposal cell. A stabilized surface f i l l  would be required before cap 
placement. Design life of any cap should be 1000 years, which is the general ARAR-based 

requirement for caps being considered for wastes of the type present in Operable Uni t  5.  Capping 
process options include: 

Single-layer cap 
Multilayer cap. 

Single-Laver CaD Process ODtion 
A single-layer cap uses concrete, asphalt, synthetic membrane, soil, or clay to effectively control 
erosion and minimize precip'itation intiltration. All of these single-layer caps are subject to 
weathering; however, the periodic application of special surface treatment chemicals will help 
maintain the integrity and low permeability of the concrete and asphalt caps. Single-layer capping is 
applicable to soil and sediment and has been retained for further evaluation. Since the design life for 
single-layer caps is significantly less than 1000 years, this process option will be eliminated from 
further consideration. 

Multilaver Cao Process ODtion 
The multilayer cap incorporates the most effective attributes of single-layer options by using more 
than one barrier material to form multiple layers over the contaminated media. These caps typically 
consist of vegetative cover, topsoil, sand/gravel, clay, and impermeable synthetic membrane layers. 
This layered design offers the highest degree of effectiveness by using the properties of the various 
layers to control erosion and limit infiltration while providing weather protection. Because it can 
meet the 1000 year life expectancy, multilayer capping is applicable to Operable Unit 5 soil and 
sediment and has been retained for evaluation. 

M.3.3.2 Surface Water Control Technologies 
Surface water controls can be used to minimize contamination of surface water by reducing the 
erosion and transport of contaminated soil. Such controls can also be used to minimize the erosion of 
caps, disposal cells, and landfill covers. Surface water control process options include: 

Diversionkollection 
Grading 
Revegetation 
Channel relocation 

e Channel modification. 
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B DiversionKollection Process ODtion 
Diversionkollection of surface water is conducted by constructing dikes, berms, channels, chutes, and 
ditches. The use of these options prevents clean water from contacting waste material or prevents 
surface water which has already contacted contaminated material from being released in an 
uncontrolled manner. These process options are considered to be support actions and will be carried 
further in the evaluation process. 

Grading Process ODtion 
Grading consists of recontouring the land surface to prevent excessive erosion from the flow of runoff 
and surface water. Regrading is considered to be a support action and will be carried further in the 
evaluation process. 

Revegetation Process ODtion 
Revegetation consists of planting grasses or other similar types of vegetative support to stabilize soil. 
thus minimizing wind erosion and erosion from surface water runoff. Revegetation is considered to 
be a support action and will be carried further in the evaluation process. 

Channel Relocation Process ODtion 
Channel relocation would be used to relocate a stream to either expose contaminated sediment for 
excavation or to allow the covering of contaminated sediment with clean materials. Although channel 
relocation is technically implementable, the sediment in on-site intermittent streams can easily be 
removed or otherwise remediated during a prolonged dry period that typically occurs between.June 
and December. Therefore, channel relocation is eliminated from further evaluation. 

@ 

Channel Modification Process ODtion 
Channel modification would be used to alter the hydraulics of a stream to control sediment deposition 
or resuspension. Although channel modification is technically implementable, the sediment in on-site 
intermittent streams can easily be removed or otherwise remediated during a prolonged dry period 
with less disturbance to the surrounding environment. Therefore, channel modification is eliminated 
from further evaluation. 

M.3.4 REMOVAL 
Complete or partial removal of contaminated material would eliminate or reduce a source of 
contamination and, therefore, eliminate or reduce the potential for migration of contaminants to 
potential receptors. Removal (excavation) can be accomplished using mechanical excavation 
equipment or sediment dredging equipment. 
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M.3.4.1 Excavation Technologies 
Contaminated soil can be effectively removed by excavation using standard,construction methods and 
equipment. Similarly, contaminated sediment can be removed through dredging techniques. 
Excavation process options that were evaluated include: 

Excavation 
Dredging 
Sorting/separation. 

Excavation Process Option 
Mechanical excavation involves the use of common construction equipment, such as a backhoe, to 
remove the soil or sediment. These methods are potentially viable for soil and sediment that are not 
in contact with surface water (i.e., during the dry season) or groundwater. Therefore. mechanical 
excavation is retained for further consideration. 

Dredging Process ODtion 
Mechanical or hydraulic dredging of material from streambeds is a common technique for removing 
sediment and soil in contact with surface water and groundwater. Dredging is generally used for the 
removal of large volumes of sediment or soil in permanent bodies of water. The on-site streams are 
dry for much of the year and the relative volume of sediment that exceeds remediation goals is 
relatively small. Therefore, conventional excavation methods using earthmoving equipment can be 
used in the dry stream beds. Because groundwater dewatering techniques can be used when soil 
excavations are required below the perched groundwater table, dredging will  be eliminated from 
further cons ideration. 

SortindSeuaration Process Oution 
Sorting/separation will be used to separate excavated materials into one of the three following groups: 
radiologically contaminated material, other contaminated material, or clean soil. Excavated materials 
will be sorted visually using mechanical excavating equipment to separate large debris or pockets of 
radiologically contaminated materials. Materials may also be sorted in the field using gamma 
detectors or photoionization detectors to detect low-level radioactive waste or volatile organics. 
respectively. Sorting/separation will minimize the total amount of material to be contained, treated, 
or disposed of and will be a support action for excavation. Sorting/separation will be carried further 
in the evaluation process. 
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Treatment technologies include biological, physical, physicakhemical, solidification/stabilization, and 
thermal processes. Treatment is used to reduce the toxicity, mobility, and/or volume of a 
contaminated material. 

M.3.5.1 Biological Treatment Technologies 
Biological treatment is a method of using living organisms such as microorganisms or plants to 
consume the contaminants in the soil. Biological treatment process options that were evaluated 
include : 

In situ aerobic bioremediation 
In situ anaerobic bioremediation 
Plant harvesting 
Soil aeration 
Land farming. 

In Situ Aerobic Bioremediation Process Option 
In situ aerobic bioremediaton is conducted under aerobic conditions by injecting oxygen and nutrients 
into subsurface soil to promote biological degradation of organics. Biological techniques are not 
applicable to the treatment of metals and radionuclides, which are the key contaminants of concern for 
soil and sediment at the FEMP. In,  situ aerobic bioremediation is eliminated from further 
consideration. 

D 

In Situ Anaerobic Bioremediation Process ODtion 
In situ anaerobic bioremediation is conducted in the absence of oxygen. Anaerobic conditions are 
obtained by injecting an easily degraded substrate into the soil, which is degraded by aerobic bacteria. 
During the process the bacteria consumes the available oxygen, causing an anaerobic environment. 
Nutrients are then injected into subsurface soil to promote biological degradation of organics under 
anaerobic conditions. Biological techniques are not applicable to the treatment of metals and 
radionuclides, which are the key contaminants of concern for soil and sediment at the FEMP. In situ 
anaerobic bioremediation is eliminated from further consideration. 

Plant Harvesting Process ODtion 
Plant harvesting is conducted by seeding plants within the area of contamination. The contaminants 
are removed from the soil through plant uptake. This process option is not considered applicable 
because contaminants could be introduced into the food chain when the harvested plants are consumed 
by livestock and/or wildlife. Plant harvesting is eliminated from further consideration. 

B 
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Soil Aeration Process Ootion 
Contaminated soil is aerated either through tilling the soil or by injecting air through shallow wells. 
The introduction of air into the soil promotes biological activity which results in degradation of 
organic chemicals. Additionally, volatile organics will be removed from the soil as a result of the 
increased air flows. 
radionuclides, which are the key contaminants of concern for soil and sediment at the FEMP. Soil 
aeration is eliminated from further consideration. 

This process option is not applicable.to the treatment of metals and 

Land Farming Process Option 
Land farming is conducted by excavating contaminated soil and placing it on a treatment pad. The 
soil is enhanced by adding nutrients and by tilling the soil to provide air, both of which promote 
biodegradation of organic contaminants. This process option is not applicable to the treatment of 
metals and radionuclides, which are the key contaminants of concern for soil and sediment at the 
FEMP. Land farming is eliminated from further consideration. 

M.3.5.2 Phvsical Treatment Technologies 
Physical treatment technologies are applicable when the properties of the contaminants make them 
amenable to separation or volatilization. Physical treatment process options include: 

Dewatering/drying 
Soil vapor extraction. 

DewaterindDrving Process Ootion 
Dewatering consists of using gravity or mechanical means to remove liquid from a solid matrix. I t  

would be applicable for dewatering of sediment and soil to improve handling characteristics. It is 
also applicable for removing water from treatment plant sludges and residues. Dewatering is 
considered to be a support process option and will be carried further in the evaluation process. 

Soil Vapor Extraction Process ODtion 
Soil vapor extraction consists of a system of air injection and extraction wells to promote the transfer 
of volatile organics from in situ soil to the air. Vapor extraction is most effective in highly 
permeable soil. Because vapor extraction is not applicable for metals and radionuclides, it is 
eliminated from further consideration. 
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B M. 3.5.3 PhvsicaVChemical Treatment Technologies 
The physical/chemical processes evaluated include: 

Soil washing 
Soil flushing 
Dehalogenation 
Physical separation. 

Soil Washing Process Oution 
Soil washing is an ex situ treatment process that incorporates the separation of chemical contaminants 
from the soil matrix by a combination of physical and chemical treatments. Soil aggregates are 
reduced to a single-grain composition by either mechanical- and/or chemical-based operations. 
allowing for particle separation based on size and/or density characteristics. Selected physicochemical 

. operations can then aid in the extraction of inorganic, organic, and radiological chemical contaminants 
from the discrete soil particles. Although physical separation operations within the soil washing may 

remove a size fraction of the soil containing little or no contamination, selected chemicals may need 
to be included in the overall soil washing process to enhance dissolution kinetics and effectively 
remove contaminants from individual soil particles. More aggressive conditions (e.g., type of 
chemicals, chemical concentration, extraction temperature, and reaction time) may be incorporated 
into the chemical extraction part of the soil washing process to enhance contaminant removal. Soil 
washing is potentially applicable to soil and sediment at the site and is retained for further 
consideration. 

B 

Soil Flushing Process Oution 
Soil flushing involves the removal of organic and inorganic contaminants by washing the 
contaminated soil in situ by means of a flushing solution. The system consists of injecting an aqueous 
solution into the area of contamination, and then pumping the contaminated elutriate to the surface for 
removal, recirculation, or on-site treatment and reinjection. The aqueous flushing solutions may 
include water, acids, bases, complexing and chelating agents, solvents, surfactants, and certain 
reducing agents. During elutration, sorbed contaminants are mobilized into the solution by means of 
solubility, formation of an emulsion, or by chemical reaction with the flushing solution. Insufficient 
contact time between contaminant and flushing agent is likely at the FEMP site due to organic 
interferences in the soil media and channeling caus'ed by heterogeneous subsurface conditions. 
Therefore, the effectiveness of soil flushing on a scale similar in size to this site is severely limited. 
Soil flushing will be eliminated from further consideration. 

Dehalogenation Process Oution 
Potassium polyethylene glycolate dehalogenation is a process used to dehalogenate organics in 
contaminated organic liquid, sludge, and soil. The dehalogenation solution reacts with the organic D 
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and displaces a halogen molecule. The soil is mixed with the potassium polyethylene reactant in a 
heated reactor. The reagent and soil are separated and the reagent can be recycled. This process 
would only be potentially effective for polychlorinated biphenyls (PCBs) and would not treat metals or 
radionuclides which are the primary contaminants of concern at the FEMP. Dehalogenation is 
eliminated from further consideration because of the inability to treat contaminants of concern other 
than PCBs. 

Phvsical SeDaration 
Physical separation operations like those used for decades in solution mining and mineral extraction 
have been the focal point of most soil washing processes. The operational premise for a physical 
separation process is to derive waste minimization through a volume reduction process by separating 
out a size fraction of the soil containing little or no contamination. Physical separation operations in 
soil washing have included high pressure water, screening, attrition scrubbing, froth tlotation, tall 
column, electromagnetic separation, mechanical separation, hydrogravimetric separation (including 
hydrocyclones, mineral jigs, and spiral classifiers), and multigravity separation. The innovative 
aspect to these physical separation-based operations is the unique application of these technologies to 
specific soil-contaminant matrices. More aggressive conditions (e.g., operating temperature, chemical 
extractants, attrition scrubbing, etc.), within selected operations of the physical separation process can 
be incorporated to enhance extraction of contaminants from the surface'of soil particles. These 
conditions may also be enhanced through innovative applications of each operation. Physical 
separation is potentially applicable to site soil and sediment and is retained for further evaluation. 

M.3.5.4 Solidification/Stabilization Technologies 
Solidification/stabilization involves methods to seal the contaminated soil, sediment? or sludge in a 
solid, stable mass that results in a reduction of contaminant mobility. Such methods can also be used 
to stabilize a waste to facilitate material handling. These techniques are applicable to metals and 
radionuclides, but are generally not applicable to high concentrations of the more mobile organic 
compounds. Solidification/stabilization process options include: 

. 

Cement-/pozzolan-based solidification 
Thermoplastic solidification 
Organic polymer stabilization 
Vitrification 
In situ (cement-based) solidification 
In situ vitrification. 

Cement-/Pozzolan-Based Solidification Process Option 
This process option is conducted by mixing contaminated soil with a pozzolan. Pozzolans consist of 
cement, flyash, kiln dust, lime, etc. Pozzolan-based solidification is effective in treating soil, 
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sediment, and residue and sludge from treatment processes which are contaminated with organics such 
as PCBs and polycyclic aromatic hydrocarbons (PAHs), heavy metals, and radionuclides. The 
mobility of the contaminants is reduced by binding the chemical into a solid matrix which is resistant 
to leaching. Typically, solidification occurs at high pHs where most metals become less soluble. 
Organic contaminants can be bound in the solid matrix using various additives such as organophilic 
compounds. Equipment used for solidification is similar to that used for the cement industry. A 

solidification process would include a feed system, mixing vessels, and a curing area. The solidified 
material can be formed into monolithic blocks or can be made into a material with a consistency of 
soil-cement. Pozzolan solidification is a viable treatment option for radionuclides, inorganics, and 
some organics and will be retained for further evaluation. 

B 

Thermoplastic Solidification Process ODtion 
Thermoplastic solidification involves sealing a waste in a matrix by the addition of a binder. The 
binder material may be asphalt, bitumen, parafin, sulfur cement, polystyrene, or polyethylene. The 
waste is dried, heated, and mixed with a heated binder material. The waste-binder mixture is then 
heated to 266°F to 500°F and placed in a container or mold where it solidifies as it cools. This 
process is considered potentially applicable to soil, sediment and treatment process residues and will 
be retained for further evaluation. ' Organic Polvmer Stabilization Process Option 
This process involves mixing contaminated soil with an organic polymer and catalyst to form a stable 
solid. The organic polymer may consist of urea-formaldehyde, polyesters, phenolics. and melanine. 
These thermosetting resins become hardened when heated and resist subsequent heating and cooling 
cycles. This process is considered potentially applicable to soil, sediment, and treatment process 
residues and will be retained for further evaluation. 

Vitrification Process Option 
Vitrification is a thermal treatment process that solidifies the waste into a glassy, solid matrix resistant 
to leaching. The vitrification of the waste material is achieved in a reaction chamber in which high 
temperature is used to reduce toxic organic compounds to elemental gases and carbon. The inorganic 
contaminants are either entrained in the glass and siliceous melts or are volatilized at the high 
temperatures in the reaction chamber. 
treatment process residues and will be retained for further consideration. 

Vitrification is potentially applicable to soil, sediment, and 

In Situ (Cement-Based) Solidification Process ODtion 
In situ solidification is conducted by mixing cement, quicklime or other grouting materials with soil 
using augers or backhoes. The deep soil mixing technique allows direct application of cement-based 
stabilizing agents, using mixing paddles and augers, that blend the soil with the stabilizing agent fed B 
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through the center of the shaft. The result of the in situ solidification is a monolithic block that 
extends through the area of contamination. Because of heterogeneous subsurface conditions and 
possible subsurface obstructions such as utilities and building foundations at the FEMP site. it is 
unlikely that adequate mixing could be achieved for this process to be effective. Therefore, in situ 
solidification will be eliminated from further consideration. 

In Situ Vitrification Process ODtion 
In situ vitrification is a process of melting waste and soil in place to bind the waste in a glassy, solid 
matrix which is resistant to leaching and weathering. In situ vitrification is conducted by inserting 
large electrodes into the soil to the desired treatment depth. An electric current is applied to the 
electrodes which results in the soil being heated to temperatures ranging from 2900°F to 3600°F. As 

the soil is heated, organics are destroyed by pyrolysis and inorganic materials are dissolved into or 

are encapsulated in the vitrified mass. Currently there are no in situ vitrification applications of this 
magnitude in existence due to the overwhelming amounts of energy that would be consumed. At  the 
required temperatures steam generation and volatile organic production would be major problems. 
Therefore, in situ vitrification will also be eliminated from further consideration. 

M.3.5.5 Thermal Treatment Technologies 
Thermal treatment uses elevated temperature to volatilize or destroy organic compounds. Soil from 
hazardous waste management units (HWMUs) within Operable. Unit  5 contain solvent wastes for 
which thermal treatment is applicable. Except for the plasma centrifirgal furnace process option 
which would be considered a primary treatment option, the remaining thermal treatment technologies 
would be considered as support processes since they are used to remove organic contaminants prior to 
the treatment of metals and radionuclides in soil. Thermal treatment processes evaluated include: 

Thermal desorption 
Rotary kiln incineration 
Fluidized bed combustion 
Circulating bed combustion 
Rad io frequency heating 
Infrared incineration 
Plasma centrifugal furnace. 

Thermal Desomtion Process ODtion 
Thermal desorption involves treating soil with organic contamination at low temperatures to promote 
volatilization of the chemicals. The vapor phase is then treated by incineration or carbon adsorption. 
This process option will not treat metals or radionuclides, although it can be used as a pretreatment 
step to remove organics. Thermal desorption is therefore retained for further consideration as a 
support option for treatment of organics in soil, sediment and treatment process residuals. 
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Rotarv Kiln Incineration Process ODtion 
Rotary kiln incineration uses a rotating refractory-lined cylinder to destroy organic material. Waste 
material is rotated, causing turbulence and agitation while heated combustion air dries and incinerates 
the waste. Normal operating temperatures vary from 1500°F to 3000°F. This technology will not 
treat inorganics or radionuclides although it can be used as a pretreatment step to remove organics. It 

is therefore retained for further consideration as a support option for treatment of organics in soil, 
sediment and treatment process residuals. 

Fluidized Bed Combustion Process ODtion 
Fluidized bed combustors are vertical lined chambers containing an inert material, usually sand. Air  
is forced through a supporting distribution plate at a rate sufficient to cause the inert material to 
display fluid properties. Waste is injected into the bed and combustion occurs at normal operating 
temperatures varying from 850°F to 2100°F. Waste materials with densities greater than the inert 
material cannot be treated. Volatile organics contained in the soil will be destroyed. This technology 
will not treat inorganic contaminants or radionuclides although it can be used as a pretreatment step to 
remove organics. Fluidized bed combustion is therefore retained for further consideration as a 
support option for treatment of organics in soil, sediment and treatment process residuals. 

I) Circulating Bed Combustion Process ODtion 
Circulating bed combustion is similar to fluidized bed combustion, except that the system operates at 
higher air velocities which allows the system to operate at lower temperatures. Normal operating 
temperature is approximately 850°F. This technology will not treat inorganic contaminants or  
radionuclides although it can be used as a pretreatment step to remove organics. It is therefore 
retained for further consideration as a support option for treatment of organics in soil, sediment and 
treatment process residuals. 

Radio Freauencv Heating Process ODtion 
Radio frequency heating is primarily an in situ treatment in which soil is heated between 200°F and 
1000°F by exciting electrodes placed in the ground with radio frequency energy. Organics are 
vaporized and collected at the surface for treatment. This technology will treat organics but will not 
treat inorganics or radionuclides; it will still be necessary to excavate the soil. Therefore, this 

process option is eliminated from further consideration. 

Infrared Incineration Process ODtion 
Infrared thermal units use silicon carbide elements to generate thermal radiation beyond the red end of 
the visible spectrum. Materials to be treated pass through the unit on a belt and are exposed to the 
radiation. Off-gasses pass into a secondary chamber for further infrared radiation and increased 
retention time. Operating temperatures are 1400°F to 1600°F in the primary and secondary 

i I 
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chambers, respectively. This technology will not treat inorganics or radionuclides, although it can be 
used as a pretreatment step to remove organics. It is therefore retained for further consideration as a 
support option for treatment of organics in soil, sediment and treatment process residuals. 

Plasma Centrifugal Furnace Process Omion 
Soil treated using the plasma centrifugal furnace process is detoxified by the use of heat to vaporize 
organic contaminants and immobilize metals and radionuclides in a nonleachable glass-like matrix. 
The plasma centrifugal furnace uses the heat from the plasma torch to create a molten bath. Metals 
and radionuclides are'not detoxified by the use of this process; however, their mobility would be 
reduced by being incorporated into the final residue which is a glass matrix. The plasma centrifugal 
furnace option has been retained for further evaluation as a primary process option because mixed 
radioactive wastes can potentially be handled by this type of treatment method, and it is applicable to 
soil, sediment and treatment process residuals. 

M.3.6 STORAGE 
Temporary storage of contaminated soil, sediment, treatment process residuals, and nonrecoverable 
debris would be required after these materials are removed and awaiting final treatment or disposal 
actions. 

M.3.6.1 Intermediate Storage Technologies. 
Short-term storage of the waste in a storage facility would be required as an intermediate process for 
contaminated wastes designated for ex situ remediation. This technology includes only one process 
option which is a central storage facility (CSF). 

Central Storage Facilitv Process Option 
This option assumes that contaminated wastes would be staged and packaged at an on-property CSF 
before treatment or shipment to an appropriate disposal facility. The storage facility must be able to 
handle both bulk and containerized wastes as well as nonrecoverable debris in accordance with DOE 
Removal Action No. 17. For the purposes of this screening process, a designated on-property CSF is 
considered to be potentially applicable for contaminated soil and sediment, treatment process 
residuals, and nonrecoverable debris and is retained for further consideration. 

M.3.7  DISPOSAL 
Disposal options evaluated include on-property and off-site disposal technologies and waste 
transportation technologies. 
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B M.3.7.1 On-Propertv Disposal Technologies 
The three process options evaluated for on-property disposal are: 

Backfilling 
Engineered disposal cell 
Consolidation. 

Backfilling Process Option 
Backfilling of excavations with clean or slightly contaminated site soil is an inexpensive disposal 
option, provided that contaminant levels in the backfilled materials will attain the required remediation 
goals. Backfilling is potentially applicable to site soil and is retained for further consideration. 

Engineered Disposal Cell Process Option 
This process option would involve constructing an on-property engineered disposal cell. This would 
provide permanent on-property storage of contaminated soil and sediment, nonrecoverable debris, and 
treatment process residuals. The representative disposal cell design would incorporate performance 
requirements from DOE, Ohio EPA (OEPA), and the Nuclear Regulatory Commission (for low-level 
waste), and would meet the 1000 year ARAR-based design life requirement. It is anticipated that the 
disposal cell would be sited in the former production area. 

The cell would be designed such that the hydraulic permeability of the bottom liner is slightly greater 
than that of the cap in order to minimize the potential for a “bathtub effect:” The infiltration rate 
through the cell would be protective of the Great Miami Aquifer. Runoff from the cell cap would be 
controlled by a storm water diversion channel and the cell would also incorporate a leachate collection 
system. It is anticipated that the disposal cell would be constructed and filled in phases. The 
on-property engineered disposal cell is potentially applicable and is retained for further consideration 
in the formation of remedial alternatives. 

Consolidation Process Oution 
On-property consolidation involves consolidation of slightly contaminated soil and sediment at an on- 
property central location. Because it is likely that slightly contaminated soil will remain on site with 
institutional controls, excavated soil and sediment that are protective of the Great Miami Aquifer may 
be consolidated to minimize the area remaining under federal ownership. Consolidation would meet 
the 1000 year ARAR-based design life requirement. It would also maximize the area that could be 
released for restricted or unrestricted use. 

Siting of the consolidation area must take into account several factors including future site use, site 
geology, remediation schedules and location of possible disposal cells. It is anticipated that the B 
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former production area will be the site of consolidation because it is unlikely that this area will be 
released for any type of use and the majority of the contaminated soil would originate in this area. 

Consolidation material will consist of slightly contaminated soil and sediment which will be 
transported to the consolidation area, unloaded, and placed at grade. This material will be covered 
with a cap or other cover. It is anticipated that the consolidation area will be built and filled in 
phases. On-property consolidation is applicable to slightly contaminated soil and sediment, and is 
retained for further consideration. 

M.3.7.2 Off-Site DisDosal Technologies 
Two process options are evaluated for this technology: 

Nevada Test Site (NTS) 
Permitted commercial disposal facility. 

DisDosal at Nevada Test Site as a Process ODtion 
Off-site disposal at NTS involves hauling treated and/or untreated contaminated soil, sediment, non- 
recoverable debris and/or contaminated treatment residuals to an off-site disposal facility that can 
accept radiological waste materials: The NTS is a DOE facility that is currently accepting low-level 
radioactive waste from the FEMP site. Off-site disposal at NTS is potentially applicable to soil. 
sediment, nonrecoverable debris, and treatment process residuals and is retained for further 
evaluation. 

DisDosd at a Permitted Commercial DisDosal Facilitv as a Process ODtion 
Off-site disposal at a permitted commercial facility involves hauling treated and/or untreated 
contaminated soil, sediment, nonrecoverable debris and/or contaminated treatment residuals to an off- 
site commercial facility which can accept radiological waste materials. A representative commercial 
facility in Utah, Envirocare, is available to accept low-level radioactive waste and mixed waste. Off- 
site disposal at a permitted commercial facility such as Envirocare or an equivalent is potentially 
applicable to soil , sediment, nonrecoverable debris, and treatment process residuals, and is retained 
for further evaluation. 

M.3.7.3 Waste TransDortation Technologies 
The two process options considered for waste transportation are: 

Truck transport 
Rail transport. 
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D Truck Transport Process ODtion 
Truck transport can easily offer portal-to-portal service with the road system available at the FEMP 
site. The primary disadvantages with this process option are the relatively undeveloped and heavily 
traveled roads near the FEMP site and the higher cost compared to rail transport. Truck 
transportation is applicable as a support action to on- and off-site disposal and will be carried further 
in the evaluation of process options. 

Rail TransDort Process Option 
The FEMP can readily support rail transportation by using existing on-site rail spurs. Some off-site 
disposal options have facilities with the capability of receiving the waste by rail. Transportation to 
NTS may require a combination of truck and rail transport. Contaminated material shipped by rail to 
NTS would go through the Las Vegas, Nevada terminal. Transportation to the commercial facility in 
Utah can use rail for the entire trip. Rail transportation is applicable as a support action to off-site 
disposal and will be carried further in the evaluation of process options. 
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M.4.0 EVALUATION OF TECHNOLOGIES AND 
PROCESS OPTIONS FOR GROUNDWATER 

In this section of Appendix M, the technologies and process options which have passed the initial 
screening are considered for further evaluation. The purpose of the evaluation is to obtain a 
reasonable number of process options to combine into remedial alternatives in Section 4.0 of this FS. 

The technologies and process options remaining after the initial screening for perched and Great 
Miami Aquifer groundwater were evaluated based on effectiveness, implementability, and cost. The 
process options within each technology type were then compared, and the preferred or representative 
process options were selected for incorporation into remedial action alternatives. 

Table M.4-1 summarizes the results of the evaluation of technologies and process options for perched 
and Great Miami Aquifer groundwater. Shaded areas in this table represent those process options 
and/or technologies that have been eliminated from further consideration. Tables M.4-2 and M.4-3 
present the technologies and process options that will be retained for consideration in the development 
of remedial alternatives for perched groundwater and Great Miami Aquifer groundwater, respectively. 
In these tables, the technologies are organized according to the general response actions developed in 
Section 3.1 of this FS. Retained process options are listed by type @rimary or support, and D representative). 

Following is a description of the evaluation process for each of the groundwater technologies and 
process options which passed the initial screening procedure in Section M.2.0. 

M.4.1 NO ACTION 
The no-action general response is retained for development into an alternative as required by 
CERCLA. It is considered to provide a baseline level to which other remedial technologies and 
alternatives can be compared. Under this scenario, no containment, removal', or treatment of the 
contaminants in any groundwater would occur. Additionally, it is assumed that any existing 
institutional controls would be discontinued and the property released for unrestricted use. 

Effectiveness: The no-action response would not achieve any of the remedial action 
objectives nor provide for the adequate long-term protection of human health. This 
response would not attain human health-based goals or comply with ARARs. The 
contaminated groundwater plumes will continue to enlarge and thereby contaminate 
currently unaffected areas. The no-action option would provide no additional reduction 
in the toxicity, mobility, or volume of contaminants in the Great Miami Aquifer and 
perched groundwater other than that offered by the natural environment. Over time, the 
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Remedial 
Technology 

Process 
Option MediaP 

Monitoring 

Access/Use 
Restrictions 

Groundwater G,P 
Monitoring 

Leachate P 
Monitoring 

Surface Water G,P 
Monitoring 

Alternate G 
Water Supply 

TABLE M.4-1 
SUMMARY OF EVALUATION OF 

TECHNOLOGIES AND PROCESS OPTIONS FOR GROUNDWATER 
(Shaded Process Options and/or Technologies Have Been Eliminated From Further Consideration) 

Operation & 
Maintenance 

c o s t  

General 
Response 

Action Capital Cost Effectiveness Implementability 
~ 

Not effective in protection 
of public health or the 
environment. 

Does not reduce toxicity, 
mobility or volume of 
contaminants; indicates 
effectiveness of groundwater 
recovery system. 

No actions would be 
implemented. 

None. None. No Action None Not Applicable G,P I I 
Low; includes 
maintenance, 
sampling and 
analysis. 

Institutional 
Controls 

Readily implementable. Low; new wells may 
need to be installed. 

Does not reduce toxicity, 
mobility or volume of 
contaminants; indicates 
effectiveness of perched 
water remedial actions. 

Readily implementable. Low; new collection 
sumps may need to 
be constructed. 

Low; includes 
sampling and 
analysis. 

Does not reduce toxicity, 
mobility or volume of 
contaminants; indicates 
effectiveness of water 

Readily implementable. Low; includes 
installation of 
automated 
monitoring system. 

Low; includes 
sampling and 
analysis. 

treatment system. 

Indirectly meets human 
health ohjectives by limiting 
exposure; does not meet 
environmental ohjectives 
since ccmtaminants are left 
in place. 

Extension of  existing 
distribution system is 
readily implementable 
and in progress. 

Moderate; includes 
pump stations, trunk 
and distribution 
lines. 

Low to moderate; 
includes well and 
line maintenance 
and water 
monitoring. 

"NOTE: G - Great Miami Aquifer Groundwater; P - Perched Groundwater 
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TABLE M.4-1 
(Continued) 

___ ~ ~ _ _ _  

lmplemenh bility 

~~ ~~ 

Operation & 
Maintenance 

cos t  

General 
Response 

Action - 
Institutional 
Controls 
(continued) 

Remedial 
Technology - 

AccesslUse 
Restrictions 
(continued) 

Process 
Option - 

Physical 
Bamers 

Media' - 
G,P 

Effectiveness 

Indirectly meets human 
health objectives by limiting 
access; does not meet 
environmental objectives 
since contaminants are left 
in place. 

Readily implementable. Low; includes 
materials and 
installation, and is 
dependent on the 
extent of area to be 
enclosed. 

Negligible. 

Indirectly meets human 
health objectives by 
reducing exposure; does not 
meet environmental 
objectives since 
contaminants are left in 
place. 

Readily implementable 
within property; not 
implementable for off 
property restrictions. 

Negligible. Negligible. Deed 
Restrictions 

Indirectly meets human 
health ob.jectivrs by 
reducing exposure; does not 
meet environmental 
objectives since 
contaminants are left in 
place. 

Readily implementable; 
maintains status quo. 

Negligible. Negligible. Continued 
Federal 
Ownership 

G,P 

~ 

Does not reduce toxicity, 
mobility or volume of 
contaminants; reduces the 
potential for migration by 
limiting infiltration and 
erosion. 

Materials, equipment, 
and skilled labor are 
readily available. 

Moderate; includes 
materials and 
installation, and 
depends upon area 
to be enclosed. 

Low; includes 
periodic . 
inspections,' 
maintenance and 
repairs. 

Containment Capping Multilayer Cap 

'NOTE: G - Great Miami Aquifer Groundwater; P - Perched Groundwater 
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General 
Response 

Action - 
Containment 
(continued) 

Remedial 
Tech nology - 

Subsurface 
Water Control 

Process 
Option 

Vertical Slurry 
Walls 

TABLE M.4-1 
(Continued) 

Media' Effectiveness 

Operation & 
Maintenance 

CaDital Cost cos t  

P Does not reduce toxicity, Materials, equipment, Moderate; includes Low; includes 
mobility or volume of and labor are readily trench construction, periodic 
contaminants; reduces the available; more backfilling, and inspections and 
potential for lateral difficult at depths depends upon length repairs. 
migration. greater than 75 feet. and depth required. 

. .  

... (. .. ..... . 

.. . 

'NOTE: G - Great Miami Aquifer Groundwater; P - Perched Groundwater 
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General 
Response 

Action - 
Removal 

Remedial 
Technology 

TABLE M.4-1 
(Continued) 

Operation & 
Maintenance Process 

Option Media' Effectiveness Implementability Capital Cost cos t  
I 

Vertical 
Extraction 
Wells 

Subsurface 
Water 
Extraction 

G,P 

Collection 
TrenchlFrench 
Drain 

Excavation 

Does not reduce toxicity or 
mobility of contaminants, 
but does reduce volume and 
potential for migration. 

P 

P 

Equipment and 
materials are readily 
available. 

Low to moderate; 
includes installation 
of new wells and 
pumps. 

Low to moderate; 
includes 
electricity and 
maintenance of 
wells, pumps and 

Effective in removing 
contaminated media so it is 
no longer a threat to human 
health and the environment; 
decrease in effectiveness 
when depths exceed 40 feet. 

Effective in removing 
contaminated media so it is 
no longer a threat to human 
health and the environment. 

Equipment and 
materials are readily 
available; skilled labor 
required as trenching 
depths approach 40 
feet. 

~ ~~~ 

Equipment and 
materials are readily 
available; conventional 
techniques readily 
imdementahle. 

Moderate; includes 
construction of 
trenchesand 
associated collection 
sumps. 

Low; includes 
skilled labor and 
equipment. 

Low; includes 
maintenance and 
periodic 
inspections. 

Negligible. 

n m 

"NOTE: G - Great Miami Aquifer Groundwater; P - Perched Groundwater 



General 
Response 

Action - 
Treatment 

Remedial 
Technology - 

In Situ 

Physical 

Process 
Option - 

Vapor 
Sparging 

Equalization 

Sedimentation/ 
Clarification 

Multimedia 
Filtration 

Media" - 
G 

G,P 

TABLE M.4-1 
(Continued) 

Effectiveness 

Questionahle effectiveness 
issues; reliability of process 
at required depths and 
ability of natural carbonates 
to mobilize uranium. 

Effective support process 
option for most treatment 
processes. 

Effective support process 
for chemical precipitation; 
improves removal of 
inorganics and 
radionuclides. 

Effective support option for 
many treatment processes 
such as reverse osmosis, ion 
exchange, carhon 
adsorptitm; removes only 
suspended contaminants in 
water media. 

Imfilementa hility 

Materials, equipment 
and labor are readily 
available; injection 
permit may be difficult 
to obtain. 

Materials and 
equipment are readily 
available. 

Materials and 
equipment are readily 
available; thickened 
sludges must be 
dewatered before 
off-site disposal. 

. . . . . . . . . . . . . . . . . . . . . . . 

Materials and 
equipment are readily 
available. 

Capital Cost 

Moderate; includes 
air injection fans, 
ducts and additional 
injection wells if 
required. 

Low; includes 
installation of tanks, 
sumps, and mixers. 

Moderate; includes 
installation of 
clarifierlthickener 
system. 

. . . . . . . . . . . . . . . . . . . . . . . . . . 

Low; includes 
equipment and 
fitration media. 

Operation & 
Maintenance 

c o s t  

Moderate; 
includes 
electricity, 
monitoring, bulk 
CO, and 
equipment 
maintenance. 

Low; includes 
mixer 
maintenance and 
electricity. 

Low; includes 
electricity and 
maintenance for 
pumps and 
agitators. 

Low; includes 
filter maintenance 
and occasional 
replacement of 
filter media. 

"NOTE: G - Great Miami Aquifer Groundwater; P - Perched Groundwater 
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General 
Response 

Action 

Treatment 
(continued) 

Remedial 
Technology 

Physical 
(continued) 

Chemical 

Process 
Option 

I 

Ion Exchange 1 

TABLE M.4-1 
(Continued) 

Effectiveness Im plementa bility 

Reliable treatment process 
for removal of low level 
organics in wastewater; low 
carbon consumption 
expected. 

Materials and 
equipment are readily 
available; spent carbon 
must be disposed of; 
regeneration not 
practiced because of 
adsorbed radioactivity. 

Reliable treatment process 
for removal of low level 
ionic contaminant species 
such as metals, .inorganics 
and radiiinuclidzs. 

Materials and 
equipment are readily 
available; spent resin 
may be reused after 
regeneration or 
disposed of. 

Capital Cost 

Operation & 
Maintenance 

Cost 

Moderate; includes 
activated carbon 
cost, plus design and 
construction of the 
system. 

Moderate; 
depends on 
carbon usage rate 
which is a 
function of 
contaminant 
loadings. 

I 
I 

Moderate; includes 
initial resin cost plus 
design and 
installation of the 
system. 

Moderate; 
includes cost of 
replacement resin 
and regeneration 
chemicals. 

'NOTE: G - Great Miami Aquifer Groundwater; P - Perched Groundwater 



General 
Response 

Action 

Treatment 
(continued) 

Remedial 
Technology - 

Chemical 
(continued) 

Process 
Option 

Coagulation/ 
Flocculation 

Neutralization/ 
pH Adjustment 

Chemical 
Precipitation 

TABLE M.4-1 
(Continued) 

Effectiveness 

Effective treatment process 
for the removal of metals, 
inorganics and radionuclides 
in the form of small 
colloidal particles. 

A proven and reliable means 
of balancing or changing the 
pH in a water media; often 
used as a pretreatment step 
for many treatment options. 

A proven and reliable means 
of removing insoluble 
metals and radionuclides 
from wastewater through the 
use of coagulants. 

'NOTE: G - Great Miami Aquifer Groundwater; P - Perched Groundwater 

a m 

Implementability 

Materials, chemicals 
and equipment are 
readily available. 

Materials, chemicals 
and equipment are 
readily availahle. 

Materials, chemicals 
and equipment are 
readily available. 

Operation & 
Maintenance 

Capital Cost c o s t  

Low; includes feed 
tanks, pumps and 
mixers. 

Low; includes feed 
tanks, pumps and 
mixers. 

Low; includes 
maintenance of 
equipment, and 
depends on types 
of chemicals 
used. 

Low; includes 
equipment 
maintenance and 
replacement 
chemicals. 

Low; includes feed 
tanks, pumps and 
mixers. 

Moderate; 
includes 
maintenance of 
equipment, and 
depends on types 
of chemicals . 
used. 



W W W 
TABLE M.4-1 

(Continued) 

Treatment by 
Advanced 
Wastewater 
Treatment 
Facility 
(AWWT) 

Physicall 
Chemical 

P Reliable treatment processes 
for removal of organics, 
metals, uranium and other 
radionuclides. 

Readily implementable 
as it is currently under 
construction. 

Negligible; since 
system is already 
designed and in the 
construction phase. 

High; includes 
resin, filter 
media, chemical 
replacement and 
disposal of 
process residues. 

other radionuclides 

'NOTE: G - Great Miami Aquifer Groundwater; P - Perched Groundwater 



General 
Response 

Action - 
Disposal/ 
Discharge 

Process 
Media' 

On-Property/ Surface/ G 
Off-Property Subsurface 

Discharge 

~~ 

Off-Property Discharge to G P  
Great Miami 
River 

TABLE M.4-1 
(Continued) 

Effectiveness 

Effective if treated to the 
necessary process standards; 
reduces volume of 
groundwater needed to be 
disposed of by other 
options. 

lmposed discharge limits 
would he protective of 
human health and the 
environment; effective in 
reducing remediation time in 
a pump and treat system by 
increasing flow through the 
aquifer. 

Imposed discharge limits 
would be protective of  
human health and the 
environment. 

lmolementabilitv CaDital Cost 

Readily implementable. Low; requires a 
make up tank, 
pumps, and a 
distribution line to 
be installed. 

May be difficult to 
achieve a closed 
system; difficult to 
obtain permission to 
inject into a sole source 
drinking water aquifer; 
limits more stringent 
than those for surface 
water discharce. 

Easily implementable; 
construction of 
enclosed pipeline to 
Great Miami River is 
completed; need to 
connect effluent lines 
from treatment plants. 

Moderate; includes 
installation of new 
injection wells and 
pumps; would cost 
more than surface 
water discharge. 

Low; includes 
connecting treatment 
discharge lines to 
enclosed pipeline. 

Operation & 
Maintenance 

c o s t  

Low; includes 
equipment 
maintenance and 
line inspections. 

Moderate; 
includes 
maintenance of 
wells and pumps, 
electricity and 
sampling and 
analysis. 

Low; includes 
maintenance and 
monitoring costs. 

"NOTE: G - Great Miami Aquifer Groundwater; P - Perched Groundwater 

m m 



TABLE M.4-2 
SUMMARY OF RETAINED PERCHED GROUNDWATER 

TECHNOLOGIES AND PROCESS OWIONS 

FEMP-05FS-4 DRAFT 
November 14, 1994 

Remedial 
Technology Process Option Primary 

Representative 

Support 

None I Not applicable 1 x 1  I 
Monitoring Groundwater monitoring X X 

Leachate monitoring X X 

Surface water monitoring X X 

AccesslUse I Physical barriers I 1 x 1  X 

X X Deed restrictions 

Continued Federal ownership X X 

Restrictions 

Capping I Multilayer cap 1 x 1  1 X 

Subsurface Water Vertical sluny waUs 
Control 

Subsurface Water Vertical extraction wells 
Extraction I Collection trench/ 

French drain 

Excavation 

Physical Equalization 

Sedimentation/clarification x 
Multimedia filtration X 

I I I  1 
Adsorption X 

Chemical Ion exchange X 

Coagulation/flocculation X 
Neutralization x 
(PH adjustment) 

Chemical precipitation X 

PhysicaIlChemical Treatment by Advanced X X 
Wastewater Treatment Facility 
(AWWT) 

On-Property Beneficial reuse X X 

Off-Property Discharge to the x X 
Great Miami River 

(') The representative process options have been selected for incorporation into the remedial alternatives. Their selection 
does not preclude the use of the other retained process options in the remedial design. 



FEMP-05FS-4 DRAFT 
Novemher 14, 1994 

TABLE M.4-3 

SUMMARY OF RETAINED GREAT MIAMI AQUIFER GROUNDWATER 
TECHNOLOGIES AND PROCESS OF'TIONS 

Remedial 
Technology 

General 
Reswnse Action 

~ 

Representative 
Process Option Primary Support Process Option("' 

N o  Action None 

Monitoring 

AccesslUse 
Restrictions 

Institutional 
Controls 

Not applicahle X 

Groundwater monitoring X X 

Surface water monitoring X X 

Alternate water supply X X 

Phvsical harriers X X 

Containment Capping 
~~ ~ 

Removal 

Deed restrictions X X 

Continued Federal ownership X X 

Multilayer cap X X 

Treatment 

Subsurface Water 
Extraction 

In Situ 

Physical 

Disposal/ 
Discharge 

Vertical extraction wells - x  X 

Vapor sparging X 

Equalization X X 

Sedimentationlclanfication X x 
Multimedia tiltration x x 
Adsorption X x 

On-Property 

Coagulatiodflocculation X X 

Neutralization X X 
@H adjustment) 

Beneficial reuse X X 

On-Property/ 

Off-Property 

Off-Property 
Surface/subsurface discharge X 

Discharge to the Great Miami X X 
River 

Chemical I x - 1  x .  

I I I I 

I 1 I I 

(a) The representative process options have been selected for incorporation into the remedial -alternatives. Their selection 
does not preclude the use of the other retained process options in the remedial design. 
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potential for exposure would increase as contaminants continue to be released to the 
groundwater. The degree of contamination in the groundwater would decrease through 
natural attenuation and dilution over a long period of time (i.e., greater than 1000 years) 
provided that no new sources of contamination were generated. 

Implementability: There are no implementability considerations associated with the no- 
action scenario. 

Cost: Because no action would be taken at the site, there would be no capital or 
operations and maintenance (O&M) costs. 

As required by the NCP, the no-action response is retained for further evaluation as a baseline 
comparison for other remedial action alternatives. 

M.4.2 INSTITUTIONAL CONTROLS 
The technologies considered for institutional controls include monitoring and accesshse restrictions. 

M.4.2.1 Monitoring Technologies 
Process options evaluated under the monitoring technology include: 

Groundwater monitoring 
Leachate monitoring 
Surface water monitoring. 

Groundwater Monitoring 
Groundwater monitoring is applicable to both perched and Great Miami Aquifer groundwater, 
Sampling and analysis of groundwater throughout the area of potential contamination could be used to 
evaluate migration of contaminants, as well as the potential for contamination of on-site and nearby 
residential, municipal, and commercial wells. Monitoring of both perched and Great Miami Aquifer 
groundwater can also be helpful in evaluating the progress of other remedial activities. 

Effectiveness: Groundwater monitoring would not reduce the toxicity, mobility. or 
volume of contaminants in the Great Miami Aquifer or perched groundwater. Also, 
monitoring would not provide any additional protection of the environment since the 
Contaminant plumes would continue to spread into uncontaminated or less contaminated 
areas. By serving as an early warning detection mechanism, periodic groundwater 
monitoring would enable users to discontinue use of groundwater if a threat of 
contamination arose in the area. Monitoring will also be helpful in measuring and 
evaluating the effectiveness of groundwater recovery systems. Potential impact on 
human health and the environment during construction and implementation would be 
negligible. Exposure for sampling and analytical personnel would also be negligible. 
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Im~lementabiiity: A large number of monitoring wells currently exist within the FEMP 
site boundaries and on neighboring properties. Additional wells could be installed if 
needed since the required equipment and services are readily available. 
administrative complexities, including permit applications, are envisioned for monitoring 
well installation. 

Minimal 

- Cost: For groundwater monitoring only, capital and O&M costs would be relatively 
low. Capital costs would include the installation of additional monitoring wells. O&M 
costs would include well maintenance, sampling, laboratory analysis, and data 
val idatiodmanagement. 

Groundwater monitoring would be effective and readily implementable in facilitating the observation 
of contaminant migration but not in controlling it. As a result, it will be retained as a support option 
to be used in conjunction with other process options in the formation of remedial alternatives. 

Leachate Monitoring; 
Leachate monitoring is applicable to perched groundwater. Sampling and analysis of on-property 
perched leachate streams, where perched groundwater discharges to surface water, could be used to 
evaluate the progress of other remedial activities. 

Effectiveness: Leachate monitoring would not reduce the toxicity, mobility, or volume 
of contaminants in the perched groundwater. Also, monitoring would not provide any 
additional protection of the environment since the contaminated perched groundwater 
would continue to migrate into the Great Miami Aquifer. Monitoring would be helpful 
in measuring and evaluating the effectiveness of perched water remedial actions. 
Potential impacts on human health and the environment during construction and 
implementation would be negligible. Exposure for sampling and analytical personnel 
would also be negligible. 

ImDlementability: Leachate monitoring is easily implementable. It only involves the 
sampling and analysis of collected leachate seeps or streams. Equi,pment and services 
are readily available. 

- Cost: For leachate monitoring only, capital and O&M costs would be relatively low. 
Capital costs would include the possible installation of a few collection sumps. O&M 
costs would include sampling, laboratory analysis, and data validation/management. 

Leachate monitoring would be effective in observing, but not controlling contaminant migration. 
Leachate monitoring would be implementable. As a result, leachate monitoring will be retained as a 
support option for perched groundwater to be used in conjunction with other process options in the 
formation of remedial alternatives. 
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B Surface Water Monitoring 
Surface water monitoring is applicable to perched and Great Miami Aquifer groundwater which has 
been removed and brought to the surface for treatment. Sampling and analysis of treated 
groundwater, process wastewater, and collected storm water would be required for any water 
discharged to local surface streams. Surface water monitoring can also be helpful in evaluating 
potential surface water contaminant migration and the effectiveness of remedial treatment activities. 

Effectiveness: Surface water monitoring would not reduce the toxicity, mobility, or 
volume of contaminants in the surface water. Also, monitoring would not provide any 
additional protection of the environment since the contaminated surface water would 
continue to migrate to off-site areas. Monitoring will be helpful in measuring and 
evaluating the effectiveness of treatment for all groundwater and other wastewater. 
Potential impacts on human health and the environment during implementation would be 
negligible. Exposure for sampling and analytical personnel would also be negligible. 

Im~lementability: Surface water monitoring is implementable. Discharges of treated 
effluent typically require continuous monitoring of the discharge stream for flow rate 
and pH, as well as composite sampling and analysis for other contaminants. These 
monitoring systems are fairly commonplace and are often built into the treatment plant 
design. Equipment and services are readily available. While CERCLA response 
actions are exempt from administrative requirements like NPDES permits, the 
substantive information typically found on permit applications would be required to be 
provided to the state for any proposed point source discharges to the Great Miami River 
or Paddys Run. 

- Cost: For surface water monitoring only, capital and O&M costs would be relatively 
low. Capital costs would include the installation of an automated sampling and 
monitoring system. O&M costs would include labor to collect samples for laboratory 
analysis, and data validation and management. 

Surface water monitoring would be effective. Treatment effectiveness and contaminant migration 
could be observed, but not controlled. Monitoring would be implementable. As a result, it will be 
retained as a support option to be used in conjunction with other process options in the formation of 
alternatives. 

M.4.2.2 AccesslUse Restrictions 
Process options evaluated under accesduse restrictions include: 

Alternate water supply 
Physical barriers 
Deed restrictions 
Continued federal ownership. 
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Alternate Water Supply 
The alternate water supply is applicable to off-property Great Miami Aquifer groundwater. Alternate 
water supplies would also be provided to potential future FEMP property users if areas were released 
for unrestricted use following remedial actions. At this time, alternate water supply or point-of-use 
treatment systems are being supplied to residences which have been affected by the contaminant 
migration in the South Plume area. The FEMP is currently participating, with Hamilton County, Ohio 
in the installation of a public water distribution system to homeowners potentially impacted by the 
contaminated plume. Continued use or expansion of the water supply system could be used as a 
process in support of the active aquifer restoration or groundwater containment options. 

0 Effectiveness: Alternate water supplies would not reduce the toxicity, mobility, or 
volume of contaminants in the groundwater. However, by supplying other water 
sources, this process option would reduce the potential long-term risk to human health 
associated with ingestion or inhalation of groundwater contaminants by limiting 
exposure. Potential short-term impact on human health and the environment during 
construction and implementation of a distribution system would be negligible. 

ImDiementabilitv: The extension of an existing distribution system to affected areas off 
the FEMP property is currently in progress. The continuation of supplying bottled 
water to affected well users until the extended distribution system is completed has  been 
easily implemented as an interim measure. The extension of this proposed system, as 
required, is implementable. 

- Cost: For the alternate water supply option, capital costs associated with system 
expansion would be moderate while O&M costs would be low to moderate. Capital 
costs would include supply wells, trunk lines, pump stations, and distribution lines, plus 
all excavation and construction costs. O&M costs would include well and line operation 
and maintenance, water monitoring, and data management. 

Alternate water supplies would be effective and will be retained for further consideration as a support 
option for Great Miami Aquifer groundwater to be used in conjunction with other process options in 
the formation of alternatives. 

Phvsical Barriers 
Fencing and security forces are currently employed as physical barriers around the entire FEMP 
property. Because treated Great Miami Aquifer and perched groundwater may be discharged off- 
property, a totally enclosed outfall line has been constructed. Also, because monitoring wells extend 
beyond property boundaries, physical barriers such as fences, gates, ropes, and signs must be 
employed as appropriate for those monitoring wells. 

Effectiveness: Physical barriers would not reduce the toxicity, mobility, or volume of 
contaminants in the water media; however, they would reduce the potential risk to 
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human health by limiting potential exposure to contamination. Potential impact on 
human health and the environment during construction and implementation would be 
negligible. 

Imdementability: Physical barriers can be constructed quickly and safely. Equipment 
and services are readily available. Approval from regulatory agencies is not required. 

- Cost: Capital costs would be low. Capital costs would only include the cost of the 
barrier itself and installation costs. O&M costs would be negligible. 

Physical barriers would be effective and are easily implementable. This support process option will 

be retained to support other remedial actions for all groundwater in the formation of alternatives. 

Deed Restrictions 
Deed restrictions limit the use of land during and after remediation by placing restrictions on property 
deeds. These restrictions may limit future activities, such as placement of new wells or certain types 
of construction.. This process option would be applicable to all groundwater. 

Effectiveness: Deed restrictions could attempt to ensure that no new wells would be 
installed in the contaminated plume, thereby reducing the potential risk to human health 
associated with ingestion or inhalation of groundwater contaminants by limiting 
exposure. This process option could also be applied to perched groundwater to ensure 
that it is restricted from certain types of use. However, these restrictions are difficult to 
enforce without the application of additional controls, and would not reduce the toxicity. 
mobility, or volume of contaminants in the groundwater. 

Imdementabilitv: Deed restrictions could be implemented readily for federally owned 
land. Obtaining deed restrictions for affected off-property areas would not be 
implementable. 

Cost: Because no action would be taken at the site, capital and O&M costs would be 
negl ig ib 1 e. 

This option may be used to support other technologies to restrict future use of the Great Miami 
Aquifer and perched groundwater. Deed restrictions will be retained for further consideration in the 
formation of alternatives. 

Continued Federal OwnershiP 
Continued federal ownership is applicable to on-property perched and Great Miami Aquifer 
groundwater. This process option could restrict or eliminate on-property groundwater usage by the 
federal government continuing to exercise its rights as the property owner. The property owner 
would continue custodial oversight of the property through the DOE or another government entity. D 
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Continued federal ownership could be used as a support process to active aquifer restoration or 
groundwater containment options. 

Effectiveness: Continued federal ownership would not reduce the toxicity, mobility or 
volume of contaminants in the groundwater.; however, it would reduce the potential risk 
to human health by using property ownership rights to limit potential exposure 
associated with ingestion or inhalation of contaminants contained in on-property 
groundwater. This process option would not reduce the potential risks associated with 
off-property groundwater. 

Im~lementability: 
of the existing situation. 

This option is readily implementable as it represents the continuation 

- Cost: Because no action would be taken at the site, capital and O&M costs would be 
negligible. 

Continued federal ownership is not feasible as a stand-alone option because it cannot address off- 
property groundwater contamination. However, this option may be used in conjunction with other 
technologies to restrict future uses of the on-property groundwater. This option would also ease the 

implementation of other institutional controls such as monitoring, deed restrictions, and physical 
barriers. Continued federal ownership is applicable to both perched and Great Miami Aquifer 
groundwater and will be retained for further consideration as a support option in the formation of 
a1 ternati ves. 

M.4.3 CONTAINMENT 
The technologies considered for containment include capping and subsurface water control 

M.4.3.1 CaDDing Technologies 
The only process option evaluated under the capping technology is a multilayer cap. 

Multilaver Cau 
Multilayer capping involves the installation of a multiple-layer barrier over the surface of the 
contaminated area. This process option is applicable to perched and Great Miami Aquifer 
groundwater, where it can be used to control direct contact exposure and reduce the migration of 
contaminants. The multilayer cap would consist of a combination of low permeability materials such 
as clay, concrete, asphalt, and synthetic membranes. 

"he current design standards for mixed low-level radioactive and hazardous waste disposal cell caps 
commonly include: an outer rock or vegetative layer to minimize erosion and provide for long- term 
stability; a filter and drainage layer that transmits infiltrated water away from underlying low- 
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permeability layers to prevent ponding; and an impervious flexible membrane overlying a compacted 
low-permeability clay layer. 

Effectiveness: 
limiting the infiltration of water and subsequently the leaching of soil-bound 
contaminants into groundwater, as well as minimizing water and wind erosion. Capping 
will also minimize direct.contact with contaminated surface soil, thus reducing dermal, 
ingestion, and direct radiation exposures. Capping will reduce the migration of 
Contaminants from the soil to perched groundwater and the Great Miami Aquifer by 
reducing the amount of infiltration. The COCs present in soil which are predicated to 
impact groundwater include radionuclides such as uranium, neptunium, strontium, and 
technetium; organics such as methylene chloride and tetrachloroethene; and inorganics 
such as mercury and arsenic. The migration of these contaminants would be effectively 
reduced by a multilayer cap. The process does not provide for reductions in toxicity, 
mobility, or volume of contaminants, but does reduce the potential for contaminant 
migration through decreasing infiltration into the soil column. During remedial 
activities, fugitive emissions would have to be controlled by using dust suppressants and 
proper personal protective equipment (PPE) to minimize effects on human health and 
the environment. Multilayer capping is a proven and reliable process which would 
ensure the long- term isolation of contaminants. Inspection of the capping system and 
some continued maintenance may be necessary to ensure long-term effectiveness and the 
ability of the cap to meet the required 1000-year design life. 

Multilayer capping is effective in controlling contaminant migration by 

Imulementability: Materials, equipment, and skilled personnel required for the 
installation of a multilayer cap are readily available. Some earthwork may be required 
to achieve proper slopes for surface water runoff control. Because the top of a 
completed cap would be approximately four feet above current ground elevation. 
interferences with existing structures may present a problem. This process option could 
be used in conjunction with deed restrictions and/or continued federal ownership in 
order to limit the future usage or intrusion of the capped areas. 

- Cost: The capital cost for multilayer cap construction is expected to be moderate. The 
capital costs include materials and installation and are dependent on the extent of the 
area to be covered. O&M costs, including repairs and periodic inspections, are 
expected to be low. 

Multilayer caps used in conjunction with other processes could attain remedial action objectives and 
comply with ARARs. The process option would significantly reduce the potential for migration of 
contaminants to the groundwater through reduction in amounts of leachate generated and through 
erosion control. Therefore, multilayer capping will be retained as a primary representative process 
option for incorporation into remedial action alternatives. It will also minimize direct contact with 
contaminated soil and resultant exposures through dermal ingestion and direct radiation exposures. 
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M.4.3.2 Subsurface Water Control Technologies 
Process options evaluated under the subsurface water control technology include: 

Vertical slurry walls 
Horizontal slurry barrier 
Subsurface drains 
Sheet piling 
Pumping wells. 

Vertical Slurrv Walls 
Vertical slurry walls are low-permeability barriers that restrict horizontal movement of contaminants 
below the ground surface. Slurry walls could be used to restrict the horizontal movement of perched 
groundwater or leachate from a contaminant source. Vertical slurry walls could be used in 
conjunction with other containment options such as caps and horizontal barriers to control leachate 
generation or to isolate various perched groundwater pockets at the FEMP site. Slurry walls can be 
constructed by excavating a narrow trench and backfilling with a low hydraulic conductivity material 
or by "jetting" a soil- or cement-bentonite mixture into the soil. 

Effectiveness: 
localized containment of contamination. Vertical slurry walls would be used to reduce 
the lateral migration of the COCs within the perched groundwater. A slurry wall would 
be effective in reducing the lateral migration of inorganics such as cadmium, cyanide, 
lead, and manganese, and organics such as trichloroethene, tetrachloroethene, and 
methylene chloride. Organics at the FEMP site are sufficiently low in concentration 
that compatibility with the grouting material should not be a problem. Migration of 
radionuclides such as uranium, technetium, and neptunium should also be reduced; 
however, long-term effectiveness concerning the reduction of contaminant migration is 
unknown. Monitoring would be required to verify effectiveness over the long term. 
There would be minimal impacts to human health and the environment during the 
installation of a vertical slurry wall. The process option does not provide reductions in 
toxicity, mobility or volume of contaminants, but it does reduce the potential for the 
migration of the contaminants by impeding groundwater movement. This process 
should be used with capping, or capping and a horizontal barrier, to be more effective 
and reliable. 

Vertical slurry walls are a proven and reliable process for temporary 

ImDlementabiliN: 
materials and equipment are readily available. At depths from 75 to 150 feet, 
installation becomes more difficult and therefore more costly. However, depths of 
perched water zones at the FEMP site are not expected to exceed 35 to 40 feet. 

Construction of vertical slurry walls is relatively simple, and 

- Cost: The capital cost for construction of a vertical slurry wall is estimated to be 
moderate for the expected depth of about 35 feet required for many of the FEMP 
perched groundwater zones. Capital cost includes materials and construction and 
backfilling of the slurry wall trench, and is dependent on the depth and the linear 
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footage required. O&M costs, which should be limited to monitoring of the 
performance of the wall and making periodic repairs, are expected to be low. 

Vertical slurry walls will be retained as a support option in the formation of alternatives, to be used in 
conjunction with other process options such as caps in order to control leachate generation or to 
isolate various perched groundwater pockets. 

Horizontal Slurry Barrier 
Horizontal slurry barriers are used to restrict vertical flow of groundwater and thus isolate subsurface 
soil contamination. Horizontal barriers are formed by pumping a slurry made up of a soil or cement, 
bentonite, and water mixture into notched injection holes enabling the formation of a barrier beneath 
an area of contamination. In order to form a horizontal layer beneath an area of contamination. 
injection holes must be drilled either directionally from the site perimeter or down through the 
contaminated area along a predetermined grid pattern. This bottom barrier, used in conjunction with 
vertical slurry walls and a cap, can effectively isolate an area of contamination. Due to the depth 
limitations for this process option, it could only be used to isolate perched groundwater zones at the 
FEMP site. 

Effectiveness: A horizontal slurry barrier would reduce the migration of contaminants 
from the soil to the perched groundwater and the Great Miami Aquifer by reducing the 
amount of infiltration. The COCs present in soil which are predicted to impact 
groundwater include radionuclides such as uranium, neptunium, strontium and 
technetium; organics such as methylene chloride and tetrachloroethene; and inorganics 
such as mercury and arsenic. Organics at the FEMP site are sufficiently low in 
concentration that compatibility with the grouting material should not be a problem. 
The migration of these contaminants would be reduced if the barrier is installed 
properly. Installation would have to be conducted so as to form a continuous barrier to 
prevent preferential migration pathways. Horizontal slurry barriers are difficult to 
monitor with respect to their reliability. There would be minimal.impacts to human 
health and the environment during the installation of a horizontal slurry barrier. The 
process would not provide reductions in toxicity, mobility, or volume of contaminants, 
but it does reduce the potential for migration of these constituents. This process should 
be used with capping, or capping and a vertical barrier to be more effective. 

Imdementability: 
involves specialized techniques and equipment. 

Construction of horizontal slurry barriers is relatively difficult, as it 

- Cost: The capital cost for construction of a horizontal slurry barrier is estimated to be 
high for the FEMP perched groundwater zones. It includes mobilization of specialized 
equipment, slurry injection into predrilled holes, and would be dependent upon depth 
and the area of the barrier. O&M costs, which should be limited to periodic repairs and 
monitoring of the performance of the barrier, are expected to be low. 
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Horizontal slurry barriers will be eliminated from further consideration as a process option to address 
groundwater contamination due to questionable reliability and difficulty in construction. 

Subsurface Drains 
Subsurface drains include any type of buried conduit used to collect, convey, or divert water or 
leachate by gravity flow. A subsurface drainage system often uses perforated drain pipe or a gravel 
bed to convey flow to a storage tank or sump for further processing. Due to the depth limitations of 
subsurface drains, this process option would only be applicable to perched groundwater at the FEMP 
site. 

Effectiveness: Subsurface drainage systems can be effective in the collection and 
containment of contaminated subsurface water; however, for fu l l  effectiveness, the 
drains should be designed before the placement of waste at a site rather than afterwards. 
as is the case at the FEMP site. Subsurface drains do not provide reductions in toxicity, 
mobility, or volume of contaminants. They reduce but do not eliminate the potential for 
vertical migration of these constituents. Short-term fugitive dust emissions would be of 
some concern to construction workers during the trenching operations. 

@ Imulementabilitv: Construction of drains beneath a contaminated soil area can be 
somewhat difficult, but achievable. Limitations on depth exist. The materials and 
equipment are readily available. Collected leachate may require treatment before 
discharge to the local surface stream. 

- Cost: Capital costs would be low to moderate and O&M costs would be low. Capital 
costs would include the installation of conduits, pumps, and any collection tanks or 
sumps. O&M costs would involve mostly pump maintenance and monitoring costs. 

Subsurface drainage systems are usually not as effective as other process options, especially for the 
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control of groundwater flow through vertical migration. This process option will be eliminated from 29 

further cons ideration. M 

Sheet Piling 
The construction of sheet piling involves driving interlocking piles into the ground with a pneumatic 
or steam-driven pile driver. In some cases the piles are pushed into predug trenches. Lengths of the 
piles are commonly in the 4 to 40 foot range. Sheet piling can be used to control leachate generation 
where wastes are deposited in contact with a permanent or seasonal water table. 

e Effectiveness: Sheet pilings would not be effective in controlling short term leachate 
migration. When first placed into the ground, sheet piling cutoffs are very permeable, 
as the loose edge interlocks allow for easy passage of water. With time, fine soil is 
washed into the seams resulting in a reduction of water flow. However, the time 
required for this sealing depends upon the nature of the soil and the flow of water 
through the wall seams. The wall may never seal tightly because the vertical barrier to 
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control leachate migration will be installed above the water table. This would produce 
minimal flow of water through the void spaces of the piling causing the primary COCs 
in the groundwater, such as uranium, to continue to migrate. Also, sheet pilings are 
prone to corrosion over the long term. 

Imolementability: Sheet pilings can be installed from the surface by using a pile driver. 
Materials, equipment and labor are readily available. 

- Cost: Both capital costs and O&M costs for sheet piling would be low. Capital costs 
include materials and installation and would be dependent on the length and depth of 
piling required. O&M costs would be negligible. 

Sheet piling will be eliminated from further consideration due to questionable effectiveness. 

Pumpinp Wells 
Pumping wells are a series of wells, completed in overburden deposits, used to capture contaminated 
water in order to contain or reduce a groundwater contamination plume. The wells may either extract 
or inject water to achieve the objective. Pumping wells could be applicable to the Great Miami 
Aquifer groundwater at the FEMP site. One or more recovery systems, each consisting of several 
pumping wells, could be configured to accomplish the reduction and/or containment of contamination 
plumes within the Great Miami Aquifer. 

Several modeling studies (see Appendix F.7.0) were performed at the FEMP site to preliminarily site 
and size groundwater remediation systems in the Great Miami Aquifer using the Sandia Waste 
Isolation Flow and Transport (SWIFT) model. The results of the modeling studies indicated that the 
optimum restoration of on- and off-property groundwater to 20 ppb uranium concentration in the 
Great Miami Aquifer could be accomplished twice as fast as the optimum on-property containment 
scenario. The on-property containment scenario provides for establishing a hydraulic barrier at the 
FEMP property boundary to prohibit off-property migration of on-property Great Miami Aquifer 
contaminants, at the same time that the off-property Great Miami Aquifer is restored to 20 ppb 
uranium concentration. The SWIFT model indicated that the optimum total restoration scenario to 20 
ppb uranium would meet stated cleanup goals within 30 years while the containment scenario to 
20 ppb uranium could require over 100 years to meet stated cleanup levels. 

. 

Effectiveness: 
groundwater contamination. All of the COCs present in the groundwater could be 
effectively extracted and contained with the pumping wells. A number of wells, which 
could be used for this application, currently exist in the South Plume at the FEMP site. 
There would be minimal impacts to human health and the environment during the 
installation of required pumping wells. This option does not address reduction in 
toxicity or mobility of contaminants, but it does reduce the contaminant volume and 
potential for migration through containment. Containment by pumping wells is effective 

Pumping wells are a proven and reliable process for containment of 
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in diverting contamination away from receptor wells, but would have to be used in 
conjunction with treatmentldisposal technologies to achieve remedial goals, which would 
require a longer time to achieve than the corresponding removal/restoration options. 

ImDlementabilitv: 
and equipment are readily available. Discharge monitoring, and potentially a state 
NPDES permit, may be required before implementing the pumping well system for 
Great Miami Aquifer. 

Construction of pumping wells is relatively simple, and materials 

- Cost: For pumping wells, capital and O&M costs would be low to moderate. Capital 
costs would include the installation of additional wells, pumps, and monitoring 
equipment as required. O&M costs would include electricity and maintenance of wells, 
pumps, instrumentation, and other equipment. 

A series of pumping wells could be used as a containment system for contaminated groundwater in 
the Great Miami Aquifer; however, it would require a much greater amount of time to reach remedial 
goals than corresponding removal/restoration systems. Therefore, this process option will not be 
retained for incorporation into remedial action alternatives. 

M.4.4 REMOVAL 
The only technology considered for removal is subsurface water extraction. 

M.4.4.1 Subsurface Water Extraction Technologies 
Process options evaluated under the subsurface water extraction technology include: 

Vertical extraction wells 
Directional extraction wells 
Collection trench/French drain 
Excavation 
Electroosmosis. 

Vertical Extraction Wells 
Vertical extraction wells are a series of wells, completed in overburden deposits, used to capture 
contaminated water in order to contain and remove a groundwater contamination plume. These wells 
are designed and located to provide optimum efficiency in capturing contaminated water while 
minimizing the collection of uncontaminated water. Vertical extraction wells would be applicable to 
both Great Miami Aquifer and perched groundwater at the FEMP site. As previously discussed in 
Section 1.0 of this FS, an extraction well system is presently operating at the leading edge of the 
South Plume. This system has been designed to provide sufficient capacity for the installation of 
additional recovery wells. Recovered water is directed to the FEMP site for treatment through a 
single discharge line. 
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Effectiveness: Vertical extraction wells are a proven and reliable process for removal 
of contaminated groundwater. The COCs present in the groundwater would be 
effectively removed using vertical extraction wells. Many wells, 'which could possibly 
be used for this application, currently exist in and around the FEMP site. There would 
be minimal impacts to human health and the environment during the installation of 
additionally required extraction wells. Modeling studies indicate that a time frame of 30 
years would be required to meet remedial goals using vertical extraction wells in 
multiple groundwater recovery systems for the purpose of remediating the Great Miami 
Aquifer. Vertical extraction wells would be more effective in removing contaminated 
groundwater from the Great Miami Aquifer than from the perched groundwater zones, 
which would have slower recharge rates. Modeling results (see Appendix F.6.0) 
indicate that more than 3000 wells would be required to reduce uranium concentrations 
below 20 ppb in the perched zones within a 35 year time frame. 

Implementabilitv: 
materials and equipment are readily available. Additional easements will likely be 
required before extending the extraction well system and discharge line, if required, for 
off-property areas. 

Construction of vertical extraction wells is relatively simple, and 

- Cost: For vertical extraction wells, capital and O&M costs would be moderate for 
Great Miami Aquifer groundwater removal and relatively low for perched groundwater 
removal. Capital costs would include the installation of additional wells, pumps, 
conveyance lines, piezometers, and monitoring equipment as required. O&M costs 
would include electricity and maintenance of wells, pumps, instrumentation, 
groundwater monitoring and monitoring of piezometers (drawdown). 
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Vertical extraction wells could be used to effectively remove contaminated Great Miami Aquifer 
groundwater. Therefore, this process will be retained for incorporation into remedial action 
alternatives as the representative option for subsurface water extraction technologies for Great Miami 
Aquifer groundwater. 30 
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A variation of extraction well operation called pulse pumping involves the cycling of well pumps on 32 
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and off in active and resting phases. Pulse pumping could eliminate the later stage decline in 
contaminant loads discharged by extraction wells under a steady state operation, and could prevent the 
formation of stagnation zones associated with the continuous pumping of wells. This may be an 

concentrations in the Great Miami' Aquifer with the minimum volume of extraction required. Pulse 
pumping will be retained as a potential variation of the extraction well operation as a method of 
reducing the time required for remediation. 

applicable technique to be used in conjunction with extraction wells to remove maximum contaminant 

Due to the heterogeneity of the glacial overburden and the hydrogeologic properties of the perched 
zones, a range of process options are potentially necessary to address the removal of contaminated 
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43 groundwater in the perched zones. Although vertical extraction wells could not realistically restore 
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the entire perched groundwater zone in a timely manner, they are considered a feasible process which 
could be applied under certain conditions to the various perched water zones. Therefore, this process 
option is being retained in tandem with other viable extraction options as a potential support process 
for addressing perched water. 

Directional Extraction Wells 
Directional extraction wells are basically the same as vertical extraction wells except that they are 
directionally rather than vertically drilled. The major advantage is that they can pump from a greater 
area than vertical wells and, therefore, would require a smaller number of wells to be installed for the 
same application. This option would apply to Great Miami Aquifer groundwater and could also be 
applied to perched groundwater zones. 

. 

Effectiveness: Directional extraction wells are a proven and re1 iable process for 
removing contaminated water. There would be minimal impacts to human health and 
the environment during the installation of directional extraction wells. They are 
effective in diverting contamination away from receptor wells, but would have to be 
used in conjunction with treatmentldisposal technologies to achieve remedial goals. 

Imrilementability: Construction of directional wells is more difficult than the 
construction of vertical wells, but this process has proven to be very effective in similar 
applications. 

Cost: For directional extraction wells, capital and O&M costs would be more expensive 
than for vertical extraction wells. Capital costs would include the installation of 
additional wells, pumps, and monitoring equipment as required. O&M costs would 
include electricity and maintenance of wells, pumps, instrumentation, and other 
equipment. 

The main advantage of directional extraction wells over vertical wells is that normally fewer would 
have to be installed to draw from the identical groundwater area. This advantage is somewhat 
negated by the fact that many vertical extraction wells, already in place in the groundwater zones, 
could potentially be used for this application. Therefore, directional extraction wells will be 
eliminated from further consideration as a potential subsurface water extraction process option. 

Collection Trench/French Drain 
Collection trenchedFrench drains are trenches or buried conduits used for removal of water by 
gravity flow. This application is limited to relatively shallow depths, but could be applied to certain 
perched water zones at the FEMP site. 

Effectiveness: The collection trench/French drain option is a proven and reliable 
process. All the COCs present in the groundwater would be effectively removed using 
collection trenches and/or French drains. However, reliability of collection trenches 
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falls off considerably at depths approaching 40 feet due to the difficulty of shoring 
during installation. This could present a problem at the FEMP site where it is 
anticipated that trenching depth requirements would vary between 20 to 40 feet, 
depending on the perched zone area under consideration. In addition, modeling studies 
indicate that up to 58,000 linear feet of trenches would have to be placed throughout the 
entire perched groundwater zone for effective remediation to less than 20 ppb uranium 
within the 35-year desired time frame. Also, short-term fugitive dust emissions would 
be of some concern to workers during the construction period. 

Implementability: Materials and equipment for this process option are readily available; 
however, skilled labor would be required as trenching depths approach 40 feet. The 
existence of tanks, buildings, or underground utilities tend to complicate the installation 
process. 

- Cost: The capital costs associated with the construction and installation of collection 
trenches and associated collection sumps are expected to be moderate. O&M costs, 
which would include periodic inspections and maintenance, are expected to be low. 

Although this process option could not effectively remediate the entire perched groundwater zone in a 
timely manner, it may have limited applicability to certain shallow perched groundwater pockets 
where recharge rates are sufficiently high and no significant structures or underground utilities would 
interfere with the excavation procedure. The collection trench/French drain will be retained as a 
possible support option applicable to certain shallow pockets of perched groundwater at the FEMP 
site. 

B 
Excavation 
Excavation/dewatering involves the large scale removal of soil using traditional equipment such as 
backhoes, hydraulic excavators, bulldozers and front-end loaders, as appropriate, and the dewatering 
of the excavations by sump pumps to remove contaminated groundwater. At the FEMP site, this 
could be applicable to shallow perched water zones where the overburden containing contaminated 
groundwater can be excavated. This removal technique would be especially useful in those cases 
where excavation is also used to remove contaminated soil located above or adjacent to the saturated 
overburden. 

Effectiveness: Excavation/dewatering is a proven and reliable process for removal of 
contaminated subsurface soil and groundwater. The process option would be effective 
in removing select saturated glacial deposits with contaminated perched groundwater. 
All the COCs present in the perched groundwater would be removed using excavation 
and dewatering. Short-term fugitive dust emissions would be of some concern to 
workers during the excavation process. These risks could be reduced substantially by 
the use of PPE and dust suppressants. 

ImDlementability: 
saturated overburden in the contaminated perched zones at the FEMP site is 

The equipment necessary to perform excavation and dewatering of 
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conventional and readily available. This procedure becomes more difficult as depths of 
contamination approach 40 feet; however, the depth of contaminated pockets of perched 
groundwater at the site are in the range of 25 to 40 feet. The general nature of the 
saturated overburden is such that dewatering should not be required before the 
excavation process. Excavation of soil beneath a building or structure may require 
bracing and/or shoring before implementation. 

- Cost: For excavation and dewatering, capital costs would be low and O&M costs 
would be negligible. Capital costs, which include skilled labor and equipment, would 
increase if buildings and/or other structures were located above or adjacent to the 
excavated overburden. 

Removal of contaminated water from perched zones by excavation and dewatering is a highly 
effective and implementable technique. Excavation will be retained for incorporation into remedial 
alternatives as a representative primary process option in conjunction with other identified perched 
water extraction options. As previously stated, a range of available process options must be 
maintained through the alternative development process to address the variable geologic conditions 
associated with the glacial till for the removal of perched groundwater. 

Electroosmosis 
Electroosmosis is a technique used for dewatering soil that contains significant concentrations of 
ionized metals and inorganic contaminants. In this process an electrical field is applied to the soil or 
overburden to induce flow in a certain direction. Due to area limitations on this technology, it could 
only apply to shallow perched groundwater zones at the FEMP site. 

- 

Effectiveness: Electroosmosis is a proven process used to dewater soil; however, it has 
seen very limited application at hazardous waste sites. Inorganic COCs present in the 
perched groundwater may be effectively removed using electroosmosis. (Treatability 
studies would be required to determine its effectiveness on specific COCs). The basic 
chemical reaction in electroosmosis causes the electrolysis of water which then leads to 
the formation of hydrogen gas. This reduction in hydrogen ion concentration in the 
saturated soil can increase the soil pH to 13 or greater. In addition, precipitation of 
salts and secondary minerals could decrease the effectiveness of this technology. 
Finally, any nonionic contaminants would remain in place. 

Imdementability: Materials and equipment for this process option are readily available; 
however, skilled labor would be required for implementation. The existence of tanks, 
buildings, or underground utilities tends to complicate the installation process. 

- Cost: The capital costs associated with the installation of an electroosmosis system and 
associated collection sumps are expected to be moderate. O&M costs, which would 
include periodic inspections and maintenance and possible excessive electrical costs, are 
expected to be high. 
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There are several effectiveness and implementability concerns about electroosmosis. Therefore, it 
will be eliminated from further consideration as a removal process option for perched groundwater. 

B 
M.4.5 TREATMENT 
The technologies considered for treatment include in situ treatment, physical treatment, chemical 
treatment, physicakhemical treatment and biological treatment. 

M.4.5.1 In Situ Treatment Technologies 
The only process option evaluated under the in situ treatment technology is vapor sparging. 

VaDor Sparging 
Vapor sparging could be applied to the Great Miami Aquifer as a support process option used to 
enhance the effectiveness of groundwater extraction technologies by increasing the solubility/mobility 
of uranium through oxidation to the hexavalent state, preferably in the carbonate form. Sparging with 

air or CO, could increase the mobility of uranium in a carbonate-rich groundwater matrix and should 
be an acceptable process option for the Great Miami Aquifer. 

Effectiveness: Vapor sparging, using air or CO,, is a proven and reliable in situ 
process typically used to remove and enhance degradation of VOCs in unsaturated soil, 
but more recently has also been used as an oxidizer to assist in desorbing certain metals 
from soil. This process could increase the mobility of uranium depending upon the 
amount of carbonates present in the groundwater, and therefore speed u p  contaminant 
plume remediation efforts in a pump and treat scenario. The reliability of vapor 
sparging decreases at greater depths. 

Imolementabilitv: Materials, equipment, and labor for this process option are readily 
available as the air or CO, could be injected into the groundwater using a series of 
injection wells. Due to the sole-source drinking water status of the aquifer, obtaining 
the necessary regulatory approvals to perform sparging may be difficult. 

0 - Cost: The capital and O&M costs associated with air sparging are expected to be 
moderate to high, depending on whether air or C 0 2  is used. Capital costs would 
include a system of injection fans, ducts, additional injection wells, and CO, storage 
tanks, if necessary. O&M costs would include equipment maintenance, electricity, 
periodic groundwater monitoring, and bulk liquid CO,, if necessary. 

Vapor sparging has some questionable effectiveness and implementability concerns. Therefore, it will 
be eliminated as a representative process option in the formation of remedial alternatives; however, it 
may be used as a support option in conjunction with extraction and treatment techniques to decrease 
the time required for aquifer restoration by increasing the mobility of COCs such as uranium. 
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M.4.5.2 Phvsical Treatment Technologies 
Process options evaluated under the physical treatment technology include: 

Equalization 
Sedimentation/Clarification 
Ultrafiltration 
Multimedia filtration 
Reverse osmosis 
Volatilization 
Adsorption. 

Eaualization 
Equalization, in the form of a holding tank or basin at the treatment plant inlet, allows for dampening 
of flow fluctuations and reduction of variations in chemical composition of the influent. This process 
option promotes a constant discharge rate and near-constant water quality to prevent flow surges or 
upset conditions that could affect downstream processes. Equalization could be applicable to all 
groundwater, process wastewater and collected storm water at the FEMP site. 

Effectiveness: Although equalization would not directly remove or treat inorganic, 
organic, and radionuclide COCs, it is a proven and reliable process that may be a 
necessary part of any treatment scheme at the site. Removal systems for both Great 
Miami Aquifer and perched groundwater will result in contaminated water of varying 
chemical composition and flow rates being received for treatment. Flow and chemical 
equalization may be required to dampen flow and COC concentration surges for select 
wastewater and groundwater streams to ensure the proper operation of downstream 
equipment. 

Imulementability: Equalization is readily implementable and could use existing facilities 
available at the FEMP site. 

- Cost: Capital costs and O&M costs are expected to be low. Capital costs include the 
installation of tanks or sumps and mixers. O&M costs would include equipment 
maintenance and electricity. 

Equalization would be effective in dampening flow and contaminant concentration surges and would 
be easily implementable. Therefore, this process has been retained as a support option for use in 
conjunction with other treatment process options in the formation of alternatives. 

SedimentatiodClar if cation 
Sedimentatiordclarifcation is a process that removes the suspended solids from a liquid by producing 
quiescent hydraulic conditions, thus allowing the forces of gravity to settle out the settleable solids 
from suspension. This technology may be used as a support option in conjunction with precipitation. 
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D Sedimentation/clarification would apply to inorganic COCs in the perched and Great Miami .Aquifer 
groundwater. 

Effectiveness: Sedimentation/clarification is a proven and reliable process which, when 
used by itself, will not reduce wastewater contaminant concentrations to sufficient levels 
to permit discharge. If precipitation is selected for the removal of radionuclide and 
inorganic COCs, a clarifier/thickener would be used to collect and concentrate the 
precipitated solids before dewatering. No apparent short-term impact to human health 
and the environment would occur upon implementation of this option. 

Implementability Sedimentation/clarification is readily implementable and frequently 
designed into treatment systems as a part of the treatment scheme. 
require dewatering before off- or on-property disposal. 

Sludge would 

- Cost: Capital costs are expected to be moderate and O&M costs are expected to be 
low. Capital costs include the installation of the clarifierkhickener system. O&M costs 
would include electricity, maintenance of pumps and scraper mechanisms, and sludge 
handling/disposal . 

The process option of sedimentation/clarification has been retained as an inorganic treatment support 
option, to be used in conjunction with precipitation, in the formation of alternatives for all 
groundwater, process wastewater, and storm water requiring treatment before discharge. B 
Ultrafiltration 
Ultrafiltration could be applicable for the removal of fine suspended or colloidal inorganic COC 
particles, or any high molecular weight soluble organic COCs which are found in the perched 
groundwater, the contaminant plumes of the Great Miami Aquifer, process wastewater, or storm 
water . 

Effectiveness: Ultrafiltration is an emerging technology that is undergoing improvement 
and adaptation to numerous wastewater applications. Although this option could remove 
high molecular weight organic COCs in the dissolved state, these are not major COCs 
at the FEMP site, and they could be removed more efficiently by a process such as 
activated carbon adsorption. Fine suspended solid contaminants could also be removed 
by conventional filtration processes, which are more reliable. Ultrafiltration could not 
address the dissolved inorganics and radionuclides which are the major COCs for 
groundwater. No apparent impact to human health and the environment would occur 
upon implementation of this option. 

* Implementability: Materials and specialized equipment for ultrafiltration are readily 
available; however, skilled labor would be required for implementation. In addition, 
residues generated by this treatment process require dewatering before on-property or 
off-property disposal. 
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- Cost: Capital costs and O&M costs are expected to be high for ultrafiltration. Capital 
costs would include bench- and pilot-scale studies of various membrane types and design 
and construction of the system, while O&M costs would include equipment 
maintenance, membrane replacement, chemical additions, electricity, dewatering and 
disposal of sludge, and skilled operators. 

Ultrafiltration has several effectiveness concerns and implementability difficulties. Therefore, it will 

be eliminated from further consideration as a process option for the physical treatment of inorganics. 

Multimedia Filtration 
Multimedia filtration is a process using a porous medium to remove suspended solids from a liquid. 
The process could be applicable to all wastewater, storm water, and groundwater at the FEMP site as 
a pretreatment process to remove suspended solids before other treatment processes and/or for the 
final polishing of treated effluent. Filtration is especially useful in reducing contaminant levels of 
particulate metals, radionuclide COCs, and organic COCs that are bound to suspended solid materials. 

Effectiveness: This technology is widely used and reliable for the removal of suspended 
materials, and it can be staged to remove progressively smaller particles. These types 
of contaminants may not be easily and/or efficiently removed by other treatment 
methods such as reverse osmosis, ion exchange, or carbon adsorption, making filtration 
a common pretreatment step for those treatment processes. However, multimedia 
filtration is not effective in the removal of dissolved organic, inorganic, and 
radionuclide COCs, and therefore could not achieve remedial goals by itself. No 
apparent impact to human health and the environment would occur upon implementation 
of this option. 

Imulementabilitv: Multimedia filtration systems are commercially available from a wide 
variety of manufacturers and can be readily ordered to almost any specification. Filter 
media will need to be backwashed frequently and occasionally replaced or regenerated, 
resulting in the generation of sludge for dewatering and disposal. 

- Cost: Capital costs for multimedia filtration are low, as are O&M costs. Capital costs 
would include the filter equipment and the filtration media. O&M costs may elevate 
somewhat if high turbidity in the pumped groundwater or wastewater requires additional 
filter maintenance and replacement of media. 

Multimedia filtration would be effective in removing suspended matter from all FEMP groundwater, 
process wastewater, and storm water and would be easily implementable. Therefore, this process has 
been retained as a support option for use with other treatment processes in the formation of 
alternatives. 
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Reverse osmosis, which could be applied to all FEMP groundwater, uses a,semipermeable barrier to 
remove most dissolved COCs. The membrane is permeable to water but impermeable to most 
dissolved substances, both organic and inorganic. Reverse osmosis systems are operationally 
sensitive. Therefore, close monitoring of the temperature, pressure, and pH of the contaminated 
solution is necessary. In addition, the chemical and physical structure of the membrane must be 
closely monitored because the contaminants in the solution may react with it and reduce its integrity. 

Effectiveness: Reverse osmosis is a commonly used and reliable process which reduces 
excess dissolved solids, removes many organics and metals, and produces almost 
turbidity-free water. It would be effective in removing many organic (nonhalogenated) 
and inorganic COCs. However, reverse osmosis is not as effective as ion exchange for 
the removal of low-level uranium contamination. Before treatment by this process, the 
wastewater should be pretreated to: adjust pH to within a range of 4.0 to 7.0, remove 
suspended materials which may plug the membrane, and remove certain organic COCs. 
such as dichloroethane, methylene chloride, trichloroethene and tetrachloroethene, 
which may degrade the reverse osmosis unit membranes. 

Implementability Although equipment and resources are specialized, the reverse 
osmosis process is commercially available. Reverse osmosis membranes, in general, 
are subject to deterioration and may require frequent replacement. Pretreatment will be 
required to optimize pH and remove substances that may foul or degrade the 
membranes. A sizeable reject stream, which could be as much as 25 percent of the feed 
stream flow rate, must be dewatered and disposed of at an on- or off-property facility. 

Cost: Capital and O&M costs for reverse osmosis are high. Capital costs include pilot 
studies and design and construction of the system. The primary O&M costs would 
include membrane replacement, chemical additions, electricity, residual hand1 ing, and 
skilled operators. 

In conjunction with the proper pretreatment, reverse osmosis may be a viable process for the removal 
of uranium and other dissolved contamination in Great Miami Aquifer and perched groundwater, 
storm water, and process wastewater at the FEMP site. However, because of effectiveness and 
implementability concerns, and relatively high O&M and capital costs, reverse osmosis has been 
eliminated from further consideration. 

Volatilization 
Volatilization, or air stripping, could be applicable to all FEMP groundwater for the removal of 
volatile organic COCs. This aeration process encourages the transfer of VOCs from the aqueous 
phase to the gas phase as defined by Henry's Law. Removal efficiencies of VOCs typically exceed 
99 percent depending on the operating parameters as well as the physical properties of the organic 
contaminant(s). This process does not remove the nonvolatile COCs. The countercurrent packed 
tower is the most commonly used air stripping configuration. Steam stripping is very similar to air 
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stripping, except that steam is used as a carrier gas and provides heat to enhance removal. Steam 
stripping is generally considered for product recovery and/or for removal of organic compounds that 
are only slightly more volatile than water. 

Effectiveness: Air stripping is a well proven and reliable technology that would be 
effective for removing the volatile COCs such as dichloroethane, methylene chloride, 
trichloroethene and tetrachloroethene from groundwater at the FEMP site. Because air 
stripping only transfers the volatile contaminants from water to the air, the off-gas may 
have to be treated by other means such as granular activated carbon adsorption, catalytic 
oxidation, or thermal destruction. For contaminants at the FEMP, steam stripping does 
not provide any advantage in effectiveness beyond that of air stripping. 

e Imdementabilitv: Air stripping would be readily implementable at the site. There are a 
significant number of vendors that provide air stripping technology. In order to meet 
air emission requirements, control of off-gas emissions may be required. A 
maintenance problem associated with air stripping is the channeling of flow resulting 
from clogging in the packing material. The presence of suspended solids, iron, and 
slightly soluble salts such as calcium carbonate in the groundwater could present a 
clogging concern, unless these materials are removed prior to air stripping. An air 
emissions permit would be required. 

- Cost: The capital costs are moderate and include installation of the system and the cost 
of packing material. O&M costs range from low to moderate depending on influent 
contaminant concentrations, the degree of organic removal, and the type of off-gas 
treatment required. 

Air stripping, using a countercurrent packed tower, is an effective and reliable technology for VOC 
removal; however, volatile COCs are a very small part of the total contamination present in FEMP 
groundwater. Metals, including uranium contamination, must be addressed by other treatment 
processes. VOCs can be more efficiently removed from groundwater (along with the other 
nonvolatile organic contaminants) by aqueous phase activated carbon adsorption. Therefore, 
volatilization will be eliminated from further consideration as a physical treatment process option. 

Adsomtion 
Activated carbon adsorption, which would be applicable to all FEMP groundwater, storm water, and 
process wastewater, is a common technology used for the removal of organic contaminants from 
water. Activated carbon will adsorb many organic compounds to some extent, but is most effective 
for the more polar and less soluble compounds. The fundamental principle behind activated carbon 
treatment involves the physical attraction of organic solute molecules to exchange sites on the internal 
pore surface areas of the specially treated (activated) carbon grains. As water is filtered through the 
adsorbent, the organic molecules eventually occupy all of the surface sites on the carbon grains. The 
exhausted carbon must then be either regenerated or disposed of according to federal and state 
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regulations. Typical activated carbon adsorption treatment systems include gravity flow or pressure 
flow columns in series and/or parallel configuration with backwashing capability. 

B 
0 Effectiveness: Activated carbon adsorption is a well proven, reliable technology that 

would be effective for removing the soluble organic COCs such as dichloroethane, 
dichloroethene, methylene chloride, trichloroethene and tetrachloroethene from the 
FEMP site groundwater. It can also remove certain heavy metals, especially those in 
complexed form. The low organic COC concentrations in the groundwater provide the 
ideal application for carbon adsorption resulting in a relatively low carbon consumption. 
No apparent impact to the environment would occur upon implementation of this option; 
however, a potential risk to human health from the disposal and handling of spent 
carbon exists. 

Imulementability: This process option would be readily implementable as there are a 
sufficient number of vendors that provide carbon adsorption units. Pretreatment may be 
required to remove suspended solids concentrations above 50 rng/L, or calcium or 
magnesium concentrations above 500 mg/L to prevent clogging and high pressure drops 
across the carbon beds. Spent carbon containing the concentrated organic contaminants 
would have to be disposed of at an off-site or on-property disposal facility. Regeneration 
of the activated carbon would not be practical because some radioactive contaminants 
would be adsorbed with the organics, thus making the spent activated carbon 
unacceptable for reuse. Special handling of the periodically generated backwash liquids 
must also be taken into account. 

- Cost: Capital costs and O&M costs for carbon adsorption are moderate. Capital costs 
would include activated carbon cost plus design and installation of the system. O&M 
costs may vary depending on the carbon usage rate, which is a function of intluent 
contaminant concentrations. 

Carbon adsorption is a viable process option for treating soluble organic COCs in Great Miami 
Aquifer and perched groundwater, process wastewater, and storm water at the FEMP site. In the 
development of alternatives, carbon adsorption has been retained as the representative primary process 
option for treatment of organic contaminants in the Great Miami Aquifer groundwater. Other process 
options will be required to address the inorganic and radionuclide contaminants. 

M.4.5.3 Chemical Treatment Technologies 
Process options evaluated under the chemical treatment technology include the following: 

Ion exchange 
Electrodialysis reversal 
Coagulation/Flocculation 
Neutralization @H adjustment) 
Chemical precipitation 
Enhanced oxidation 
Chemical reduction. 
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Ion Exchange 
Ion exchange could be applicable to all FEMP wastewater, storm water, and groundwater as a method 
to remove inorganic ions, including metals and radionuclides. Ion exchange resins are insoluble 
polymer beads containing fixed cations or anions capable of reversible exchange with mobile ions of 
the same charge in solutions with which they are brought into contact. The ion exchange resins will 
eventually be exhausted and must be either disposed of or regenerated. The regeneration waste, 
which contains high concentrations of contaminants, must be further treated and/or disposed of in 
accordance with federal and state regulations. 

Effectiveness: Ion exchange is effective for the removal of both soluble metallic cations 
and anions such as halides, sulfates, and nitrates. Because of resin capacity and 
regeneration restrictions, ion exchange is most applicable for treating dilute waste 
streams. This process option could be designed specifically to remove the inorganic 
COCs such as arsenic, cadmium, lead, manganese, mercury and magnesium, and 
radionuclide COCs, such as technetium, uranium and strontium. Cyanide could also be 
removed if it is present in a metallic complex. Before treatment by this process, the 
groundwater and wastewater should be pretreated to remove suspended materials, which 
may plug the resin bed, and certain detrimental substances such as aromatic organics, 
which may decrease the capacity of the resin through irreversible adsorption. No 
apparent impact to the environment would occur upon implementation of this option; 
however, a potential risk to human health exists from the disposal and handling of 
regenerant solutions and spent resin. 

Imr>lementabilitv: Ion exchange would be implementable. There are many vendors that 
provide ion exchange units. The resins may be used once and disposed of or they may 
be regenerated. In either case, the exhausted resin must be disposed of at an off-site 
facility, or stabilized and placed in an on-site disposal facility. 

Cost: Capital costs and O&M costs are moderate for ion exchange. Capital costs 
include initial resin cost, design, equipment, installation, and sophisticated 
instrumentation. O&M costs would include replacement resin and/or the cost of 
regeneration chemicals. 

Ion exchange is a viable process for the removal of uranium and other inorganic ionic species from 
Great Miami Aquifer and perched groundwater, storm water and other wastewater at the FEMP site. 
Ion exchange has been incorporated into the remedial action alternatives as the representative primary 
process option for treatment of radionuclide and inorganic ionic COCs from the Great Miami Aquifer 
groundwater. 

Electrodialvsis Reversal 
Electrodialysis reversal could be applicable to all FEMP groundwater, storm water, and process 
wastewater for the treatment of inorganics, metals, and radionuclide COCs. This process 
concentrates or separates ionic species dissolved in an aqueous solution by passing contaminated water 
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D through a cell containing alternately placed cation-permeable and anion-permeable membranes, then 
applying electrical potential across the membranes as the motive force for ion migration. The ion 
selective membranes are made up of thin sheets of ion exchange resin reinforced with a synthetic fiber 
backing. 

Effectiveness: Electrodialysis reversal has been demonstrated to be effective in the 
recovery of metal salts from plating rinses. It could be applied to separate heavy metal 
COCs such as arsenic, cadmium, lead, manganese, mercury and magnesium. However, 
it has been used only on an experimental basis for treatment of radionuclide COCs such 
as technetium, radium and uranium. Treatability studies would be required to confirm 
the effectiveness of electrodialysis reversal for radionuclide removal. Before treatment 
by this process, the wastewater should be pretreated to remove suspended solids or any 
organic COCs which may foul the membranes. No apparent impact to the environment 
would occur upon implementation of this option; however, a potential risk to human 
health exists from the disposal and handling of the brine or concentrated residual waste 
stream. 

Im~lementabilitv: Electrodialysis reversal would be implementable, provided that 
treatability studies could show that it is effective for the treatment of uranium. The 
concentrated brine must be dewatered and sent to an off-site or on-property facility for 
disposal. 

- Cost: Capital costs and O&M costs are high for electrodialysis reversal. Capital costs 
include extensive studies, design, equipment, and installation. O&M costs would 
include membrane replacement, electricity, skilled operators, and brine handling and 
disposal. 

Electrodialysis reversal is potentially applicable; however, it has not yet proven to be reliable in the 
treatment of uranium as is the case with ion exchange processes. Therefore, electrodialysis reversal 
will be eliminated from further consideration as a chemical treatment process option. 

Coarmlation/Flocculation 
Small colloidal solid particles are often unable to be effectively removed by sedimentation or 
filtration. Aggregation of these particles into larger, more settleable/filterable particles is referred to 
as coagulation/flocculation. Common additives used to accomplish this aggregation include polymers, 
alum, lime, ferric chloride, and potassium ferrate. All of these reagents have been tested extensively 
on FEMP groundwater, storm water, and process wastewater. These chemicals act to neutralize 
surface charges and promote attraction of colloidal particles. 

Effectiveness: Coagulation/flocculation is a well-proven and reliable process option 
closely associated with filtration and sedimentation/clarification treatment processes. It 
will allow insoluble metal and radionuclide COCs to be effectively removed from 
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contaminated groundwater, storm water, and process wastewater. No apparent impact 
to human health or the environment would occur upon implementation of this option. 

Imdementability: Coagulation/flocculation is readily implementable, with many 
available vendors capable of providing the necessary chemicals. 

- Cost: Capital costs and O&M costs are expected to be low for flocculation/ 
coagulation. Capital costs would include feed tanks, pumps, and mixers. O&M costs 
include maintenance of equipment, dewatering and disposal of sludge, and chemicals. 

Coagulation/flocculation would be effective in aggregating fine solid particles and therefore in aiding 
the filtration and clarification processes. It would also be implementable and has been retained as a 
support treatment process applicable to all FEMP groundwater, stormwater, and process wastewater 
to be used in conjunction with other treatment process options, such as chemical precipitation and 
clarification, in the formation of remedial alternatives. 

Neutralization (DH Adiustment) 
Neutralization is a treatment process for adjusting the pH (acidity/alkalinity) of a solution. This is 
generally accomplished by adding acidic compounds to balance alkaline solutions or vice-versa. This 
option could be applicable to all FEMP groundwater as either a pretreatment measure to optimize the 
effectiveness of other treatment processes or as a finishing step before discharge to meet specified 
water quality criteria. 

Effectiveness: Neutralization is a proven and reliable means of balancing or changing 
the pH of a solution. The process is best performed in a well-mixed system. A 
thorough analysis of the wastewater to be treated is advisable to avoid the creation of 
compounds more toxic than the original compounds and to ensure that incompatible 
compounds are not introduced into the system. No apparent impacts to human health or 
the environment, except for workers who would be handling the treatment chemicals, 
would occur upon implementation of this option. 

ImDlementability: Neutralization is easily implemented, widely used, and commercially 
available. Limited construction is necessary to include neutralization equipment as a 
step in a treatment system. 

- Cost: The capital and O&M costs for neutralization are expected to be low. Capital 
costs would include feed tanks, pumps, and mixers, while O&M costs would include 
maintenance of equipment. and replacement chemicals. 

Neutralization has been retained in the formation of alternatives as a support option for use in 
conjunction with other treatment process options to meet discharge requirements. It is applicable to 
all FEMP groundwater, process wastewater, and collected storm water. 
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Chemical PreciDitation 
Chemical precipitation involves the addition of a chemical reagent, often an acid or base and usually 
in conjunction with a coagulant/flocculant aid, to create reactions that cause soluble inorganic 
contaminants to become insoluble and thus precipitate out of solution. This process option could be 
applicable to treat heavy metals, uranium, and other radionuclides in the Great Miami Aquifer and 
perched groundwater, storm water, and process wastewater. 

Effectiveness:, Chemical precipitation is a well-proven and reliable process option that 
would allow insoluble metals and radionuclides to be effectively removed from 
contaminated groundwater, storm water, and process wastewater. Chemical 
precipitation could also remove cyanide if it is present in a metallic complex. No 
apparent impact to human health or the environment, except for workers who would 
handle the treatment chemicals, would occur upon implementation of this option. 

ImDlementability: Chemical precipitation is readily implementable, with many available 
vendors capable of supplying the necessary equipment. 

Cost: Capital costs are expected to be low and O&M costs are expected to be moderate 
for chemical precipitation. Capital costs would include feed tanks, pumps, and mixers, 
while O&M costs would include maintenance of equipment, dewatering and handling of 
sludge, and chemicals. 

Chemical precipitation using chemical reagents such as alum, ferric chloride or potassium ferrate in 
conjunction with pH adjustment would be effective in reducing the solubilities of uranium. heavy 
metals, and other radionuclides and could be used in conjunction with clarification/sedimentation to 

meet remedial goals. Chemical precipitation would be implementable and has been retained as a 
primary process option in the treatment of perched groundwater, process wastewater and collected 
storm water at the FEMP site. It is anticipated that concentrations of uranium, heavy metals and 
other radionuclides in the groundwater of the Great Miami Aquifer will not be sufficiently high to 
support the need for treatment by chemical precipitation. 

Enhanced Oxidation 
Enhanced oxidation processes typically use a controlled combination of either ozone or hydrogen 
peroxide and ultraviolet (UV) light to induce photochemical oxidation of organic compounds. This 
treatment results in the oxidation of organic contaminants at a rate many times faster than that 
obtained from applying UV light alone. A typical continuous flow system consists of an oxygen or 
air source, an ozone generator or hydrogen peroxide feed system, an ultravioletloxidation reactor, and 
an ozone decomposer. Flow patterns and configurations are designed to maximize exposure of the 
contaminated water to the UV radiation, which is supplied by an arrangement of UV lamps. If ozone 
is used, reactor gases are passed through a catalytic ozone decomposer, which converts remaining 
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ozone to oxygen and destroys any volatiles. Enhanced oxidation could be applied to all FEMP 
groundwater, storm water, and process wastewater for the treatment of organic contaminants. 

Effectiveness: Enhanced oxidation can effectively oxidize halogenated organics, 
benzene derivatives, and various aliphatics. Certain COC alkenes such as 
dichloroethene and trichloroethene have been reduced from levels of 20,000 ppb to less 
than 5 ppb. Effectiveness varies greatly depending on the COC. Typically, alkenes 
would be readily removed, while COC alkanes such as dichloroethane are more difficult 
to remove. This process is considered an innovative technology as only a few 
commercial systems have been installed and tested. Bench- and pilot-scale treatability 
studies would, therefore, need to be conducted to determine the actual effectiveness and 
cost of applying this process to the contaminants in the gr'oundwater at the FEMP site. 
Pretreatment of very turbid perched groundwater gould be necessary for this process to 
be effective. No apparent impact to human health or the environment would occur upon 
implementation of this option. 

ImDlementability: Enhanced oxidation should be implementable. Only a few vendors, 
however, currently offer this technology. Recent improvements have been made by 
hydrogen peroxide/UV vendors to minimize energy usage and reduce UV lamp fouling 
problems. With this treatment, no toxic materials are emiffed to the atmosphere or 
adsorbed onto media that require further treatment or disposal. Hydrogen peroxide is a 
strong oxidizing agent; therefore, containment and other engineering controls are 
required to minimize potential risks associated with peroxide releases. 

Cost: Capital costs are high and O&M costs are moderate to high for enhanced 
oxidation. Capital costs include extensive studies, design, equipment and installation of 
the system. Operating costs vary significantly depending on flow rate and contaminant 
type and concentration. Enhanced oxidation requires high energy usage, which can 
result in prohibitive costs. 

Enhanced oxidation is effective in removing some organic COCs. However, organics are not the 
major COCs at the FEMP site, and because this innovative technology does not have the reliability 
record of other organic treatment processes, it will be eliminated from further consideration as a 
chemical treatment process option. 

Chemical Reduction 
Chemical reduction consists of the use of strong reducing agents, such as sulfur dioxide, sulfite, or 
ferrous iron, to chemically lower the oxidation state of inorganic contaminants present in wastewater. 
A few proprietary one-step processes are conducted at neutral pH using ferrous iron compounds to 
eliminate the conventional pH reduction step associated with this process. Chemical reduction could 
apply to all FEMP groundwater, stormwater, and process wastewater that may contain hexavalent 
chromium as one of the inorganic COCs. 

FER\CRUS\APSX\APP-M-~~ovemberl3. 1994 1:35pm M4-40 

2 

3 

4 

5 

6 

7 

X 

Y 

IO 

11 

12 

13 

14 

IS 

16 

17 

111 

I Y  

20 

21 

25 

Zh 

27 

? Y  

?Y 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 



8349 
FEMP-OSFS-4 DRAFT 

November 14, 1994 

Effectiveness: Chemical reduction of hexavalent chromium to the trivalent form is a 
well-proven process. However, most operational historical data available concerns 
process wastewater at much higher influent concentrations than anticipated for any of 
the expected contaminated water at the FEMP site. Typically, for hexavalent chromium 
reduction, the waste stream is first lowered to a pH between 2 and 3 using sulfuric acid, 
then a reducing agent such as sulfur dioxide is added. Ferrous compounds such as 
ferrous sulfate or ferrous chloride can also be used effectively as reducing agents, which 
simultaneously precipitate the chromium. No apparent impact to the environment would 
occur upon implementation of this option; however, a potential risk to human health 
exists for workers who would be handling the treatment chemicals. 

e ImDlementability: Chemical reduction would be readily implementable; however, only a 
few vendors are available for the proprietary processes which simultaneously precipitate 
the metals. Sludgegenerated must be dewatered and sent to an on-property or off-site 
facility for disposal. 

- Cost: Capital costs are expected to be moderate and O&M costs are expected to be low 
to moderate for the reduction process. Capital costs include feed tanks, pumps and 
mixers, plus installation of the system. Sulfur dioxide, ferrous sulfate, and ferrous 
chloride are primarily used as reducing agents because they are relatively inexpensive 
and effective. 

Chemical reduction is effective in treating water containing hexavalent chromium as one of the 
inorganic COCs. However, its concentration in FEMP process wastewater, groundwater, and storm 
water is expected to be too low for the effective use of this process option. Therefore. chemical 
reduction will be eliminated from further consideration as a chemical treatment process option for use 
in the formation of alternatives. 

b 

M.4.5.4 Phvsical/Chemical Treatment Technologies 
The only process option evaluated under the physicalkhemical treatment technologies is treatment by 
the AWWT facility. 

Treatment Bv AWWT Facility 
The AWWT facility, located at the FEMP site, is currently under construction and scheduled to 
become operational in January 1995. This system is designed to treat process wastewater, surface 
water, and contaminated perched groundwater generated at the FEMP site during remedial operations. 
Phase I and Phase I1 of the facility consist of two treatment trains, each containing identical support 
and primary treatment process options and operating in parallel. The treatment processes include: 
equalization, pH adjustment (1st stage), chemical precipitation (using potassium ferrate, alum or ferric 
chloride), clarification, multimedia filtration, carbon adsorption, pH adjustment (2nd stage), ion 
exchange, neutralization, and final filtration. The two parallel systems are combined just before 
discharge for the final neutralization and filtration steps. ) 
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The AWWT Phase I has a design flow rate of 700 gpm and is designed to treat storm water runoff 
from the storm water retention basin, flows discharged by the storm sewer .lift station, and projected 
volumes from the storm sewer improvement project. This design flow rate is approximately twice the 
expected storm water flow rate in order to handle flow surges and anticipated treatment plant 
downtime. 

The AWWT Phase I1 has a design flow rate of 400 gpm in order to treat baseline site wastewater 
which includes effluents from the general sump, biodenitrification treatment plant, and sewage 
treatment plant, storm water collected from the former production area and the waste pit perimeter, 
and future remedial streams such as contaminated perched groundwater and wastewater generated 

.from Operable Unit 5 remedial actions. 

The design basis for the AWWT Phases I and [ I  does not include the treatment of contaminated 
groundwater from any Great Miami Aquifer extraction systems. However, as part of the 
EPA-mandated supplemental environmental project, the AWWT Phase I system can be used on an 
interim basis to treat an average of 350 gpm of Great Miami Aquifer groundwater from Operable 
Units 1 through 5 when no storm water is available. In addition, approximately 200 gpm of Great 
Miami Aquifer groundwater'from Operable Unit 5 can be treated on an interim basis by the AWWT 
Phase I1 system. 

Effectiveness: Neither the Phase I nor Phase I 1  A W W T  facility would have adequate 
capacity to handle contaminated groundwater from the Great Miami Aquifer. However. 
either facility could easily handle anticipated volumes of contaminated perched 
groundwater removed during remediation at the site. Treatment of perched groundwater 
by these facilities should meet remedial goals, because each of the individual treatment 
processes within the Phases I and I1 AWWT facility passed all screening steps in the 
evaluation of technologies and process options (see previous sections for individual 
evaluations). AWWT Phases I and I1 address treatment of all COCs in the 
contaminated water including organics (carbon adsorption), uranium (chemical 
precipitatiordion exchange), and other radionuclides and inorganics (chemical 
precipitation and/or ion exchange). No apparent impact to the environment would occur 
upon implementation of this option; however, a potential risk to human health exists 
from the disposal and handling of the residuals produced by the filtration, activated 
carbon, and ion exchange processes, and the ion exchange regeneration chemicals. 

Imdementability: Because the AWWT Phases I and I1 facility is already designed and 
currently in the construction phase, treatment of perched groundwater would be easily 
implementable. General construction permits have already been acquired for the 
implementation of these facilities. 

- Cost: Because these treatment facilities are already designed and currently in the 
construction phase, additional capital costs would be negligible. O&M costs, including 
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replacement resins, adsorbents, filter media, chemicals, and disposal of process 
residues, would be high. 

The AWWT (Phases I and 11) facility is a viable physical/chemical process option and has been 
retained in the formation of remedial alternatives as the representative primary option for treating 
perched groundwater, storm water, and process wastewater. 

M.4.5.5 Biological Treatment Technologies 
The only process option evaluated under the biological treatment technology is biosorption. 

Biosomtion 
Biosorption uses an algae-based resin to adsorb heavy metal ions from an aqueous solution. This 
process option could be applicable to all contaminated groundwater, storm water, and process 
wastewater for the removal of radionuclides and inorganic COCs. 

Effectiveness: Biosorption is an innovative technology that has successfully removed 
uranium, heavy metals, and other radionuclides from contaminated water in pilot plant 
testing. It could be applied to remove inorganic and radionuclide COCs such as 
arsenic, barium, lead, manganese, cadmium, mercury, uranium and technetium. This is 
a relatively new process that may be considered a modification of the conventional ion 
exchange method. No apparent impact to the environment would occur upon 
implementation of this option; however, a potential risk to human health exists from the 
disposal and handling of the residuals produced by the biosorption process. 

Imolementability: Biosorption would be difficult to implement due to the fact that it 
uses a proprietary sorption technique, and the availability of proven equipment and 
experienced skilled workers could be limited. The resin would probably be used once 
then disposed of at an off-site facility due to radiological contamination. 

- Cost: Capital costs and O&M costs are expected to be high for this process option. 
Capital costs include extensive studies, design, equipment, installation and 
instrumentation. O&M costs would include replacement resin and/or residual disposal. 

Although biosorption is a viable process for the removal of inorganic and radionuclide COCs from 
contaminated water, this process is merely a form of ion exchange which uses algae as the resin. 
Biosorption will not be retained as a biological treatment process option for incorporation into 
remedial action alternatives due to its lack of an applied track record and the greater availability of 
similar more proven technologies. 
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M.4.6 DISPOSAL/DISCHARGE 
The technologies considered for the disposal/discharge of treated perched and Great Miami Aquifer 
groundwater, storm water, and process wastewater include on-property, on-property/off-property, and 
off-property . 

M.4.6.1 On-Prouertv Disuosal/Discharge Technolovies 
Process options evaluated under the on-property disposal/discharge technology include: 

Beneficial reuse 
0 Discharge to Paddys Run. 

Beneficial Reuse 
This process option considers use of the existing treated discharge for site process water. Beneficial 
reuse would be applicable to all treated water. Given the expected volume of treated water, total 
reuse would not be possible; however, partial reuse as makeup water to the site’s various remediation 
and treatment processes would be a more likely scenario. Reuse for potable water is not a 
consider at ion. 

Effectiveness: Partial beneficial reuse of treated water should be effective if all COCs 
are treated to the necessary makeup water requirements. This process, if used in 
conjunction with other dispo’sal processes, will be effective in reducing the volume of 
treated water required to be disposed of through the other options. No  adverse impact 
to human health or the environment would occur upon implementation of this option. 

Imulementabilitv: Beneficial reuse would be readily implementable, requiring only a 
large makeup water tank and distribution system to be added. 

- Cost: The capital and O&M costs for partial reuse are expected to be low. Capital 
costs would include the installation of a makeup tank, pumps and distribution lines. 
O&M costs would include equipment maintenance and line inspections. 

Partial reuse of treated effluent is effective and implementable and has  been retained as a support 
option to be used in conjunction with other disposal process options. 

Direct Discharge to Paddvs Run 
This process option would discharge all treated water through a discharge line to Paddys Run, which 
is located within the FEMP property boundary. 

Effectiveness: Discharge of treated effluent to Paddys Run could potentially be 
effective, provided all discharge permit requirements regarding COC concentration 
limits are satisfied. 
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ImDlementabiliv: Discharge of treated effluent to Paddys Run would be implementable. 
Construction of a discharge pipeline from the treatment plant to Paddys Run could be 
easily accomplished. The FEMP currently holds an NPDES discharge permit, allowing 
the discharge of treated water to the Great Miami River. Discharging to Paddys Run. 
an intermittent stream, instead of the Great Miami River would likely result in more 
stringent discharge limits assigned by regulatory agencies, because of the lower dilution 
factors provided by Paddys Run. 

- Cost: Capital costs and O&M costs are expected to be low for this process option. 
Capital costs include materials and labor required to connect the proposed discharge I ine 
to Paddys Run. O&M costs would include maintenance and monitoring costs. 

Discharge of treated water to Paddys Run generates greater concerns regarding effectiveness and 
implementability than discharging the treated water to the Great Miami River, which will be 
maintained as a disposal option. Therefore, this disposal option will not be retained for incorporation 
into remedial action alternatives. 

M.4.6.2 On-ProDertv/Off-Prouertv DisDosal/Discharge Technologies 
The only process option evaluated under the on-property/off-property disposal technology is surface/ 
subsurface discharge. 

Surface/Subsurface Discharge D 
Surface/subsurface discharge, which includes the use of spray irrigation or injection wells to reinject 
treated groundwater into an aquifer, would be applicable only to Great Miami Aquifer groundwater. 
Injection wells can be coupled with extraction wells to create a closed system in which extraction and 
injection rates are balanced. 

Effectiveness: Sur€ace/subsurface discharge is a reliable and effective means of 
disposing of the volumes of treated water generated by the site's groundwater pump and 
treat system. Injection wells offer the advantage of decreasing groundwater remediation 
time by increasing the groundwater flow rate through the Great Miami Aquifer. This 
option can be effective in diverting contamination away from receptor wells, but would 
have to be used in conjunction with treatment technologies to achieve remedial goals. 
The COCs effluent quality limits for subsurface discharge would probably be more 
stringent than discharge to the Great Miami River, because the groundwater may need 
to be treated to achieve Great Miami Aquifer background conditions or drinking water 
standards. 

Implementabilitv: Installation of a well system for underground injection is 
implementable; however, achieving a closed aquifer recirculation system may be 
difficult, considering the large volume of water to be treated. Reinjected water that is 
not captured by the extraction wells could potentially force contaminated groundwater 
into lesser contaminated areas. Periodic groundwater monitoring would be required to 
assess whether or not this condition is occurring. With the Great Miami Aquifer 
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considered a sole-source drinking water aquifer, it is uncertain that underground 
injection of treated groundwater would be allowed by local or state regulatory agencies. 
There would be minimal impacts to human health and the environment during the 
implementation of a reinjection system. 

- Cost: The capital and O&M costs for subsurface discharge are expected to be 
moderate. Capital costs for subsurface discharge are higher than for surface discharge. 
O&M costs would include maintenance of wells and pumps, electricity, and sampling 
and laboratory analysis costs. 

Due to questionable implementability considerations, including the potential difficulty of obtaining 
necessary regulatory approvals, surface/subsurface discharge will be eliminated from further 
consideration as a disposal option for treated site effluents in the formation of remedial alternatives. 
The process will be retained for consideration as a possible support option to be used to improve the 
efficiency of groundwater extraction well systems. 

M.4.6.3 Off-ProDertv DisDosal/Discharge Technologies 
The only process option evaluated under the off-property disposal technology is direct discharge of 
treated groundwater, storm water, and process wastewater to the Great Miami River. 

Discharge to Great Miami River 
This process option would discharge all treated Great Miami Aquifer and perched groundwater. storm 
water, and process wastewater through an enclosed pipeline to the Great Miami River, located about 
1.5 miles southeast of the FEMP property boundary. 

Effectiveness: Discharge of treated effluent to the Great Miami River would meet the 
remedial objectives. The FEMP currently holds an NPDES discharge permit, allowing 
the discharge of treated water to the Great Miami River. Discharge standards for COCs 
not presently on the NPDES permit would have to be obtained and complied with. The 
uranium content of the existing discharge is regulated by internal DOE derived 
concentration guides rather than the current NPDES permit. 

ImDlementability: Discharge of treated effluent to the Great Miami River would be 
easily implementable. Construction of the discharge pipeline has been completed. 
Potential modification of the existing NPDES discharge permit to accommodate 
additional flow and potential contaminants other than uranium may be necessary. 
Implementing this option would cause no adverse impact to human health or the 
environment. 

Cost: Capital costs and O&M costs are expected to be low for this process option. 
Capital costs include materials and labor required to connect treated effluent streams to 
the recently completed pipeline. O&M costs would include maintenance and monitoring 
costs. 
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Discharge of effluent to the Great Miami River through a discharge pipeline is a viable process 
option. This process is effective and implementable, and will be retained for incorporation into the 
remedial alternatives as the representative primary disposal option for all treated site effluents. 
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M.5.0 EVALUATION OF TECHNOLOGIES AND 
PROCESS OPTIONS FOR SOIL AND SEDIMENT 

In this section of Appendix M, the technologies and process options for soil and sediment which have 
passed the initial screening are considered for further evaluation. The purpose of the evaluation is to 
obtain a reasonable number of process options to combine into remedial alternatives in Section 4.0 of 
this FS. The technologies and process options remaining after the initial screening were evaluated 
based on effectiveness, implementability, and cost. The process options within each technology type 
were then compared, and the preferred or representative process options were selected for 
incorporation into remedial action alternatives. 

Table M.5-1 summarizes the results of the evaluation of technologies and process options for soil and 
sediment. Shaded areas in this table represent those process options and/or technologies that have 
been eliminated from further consideration. Table M.5-2 presents the technologies and process 
options that will be retained for consideration in the development of remedial alternatives for soil and 
sediment at Operable Unit 5.  In these tables, the technologies are organized according to the general 
response actions developed in Section 3.1 of this FS. Retained process options are listed by type 
@rimary or support and representative). 

Following is a description of the evaluation process for each of the soil and sediment process options 
0 

which passed the initial screening procedure in Section 3.0 of this appendix. 

0 

M.5.1 NO ACTION 
The no-action response is retained for development into an alternative as required by CERCLA. It is 

considered to provide a baseline level to which other remedial technologies and alternatives can be 
compared. Under this scenario no containment, removal, or treatment of the contaminants in any soil 
or sediment would occur. In addition, it is assumed that any existing institutional controls would be 
discontinued and the property released for unrestricted use. 

Effectiveness: The no-action response would not achieve any of the remedial action 
objectives nor provide for the adequate long-term protection of human health. This 
response would not attain human health-based goals or comply with ARARs. The 
contaminated groundwater plumes will continue to enlarge and thereby contaminate 
currently unaffected areas. The no-action option would provide no additional reduction 
in the toxicity, mobility, or volume of contaminants in the Great Miami Aquifer and 
perched groundwater other than that offered by the natural environment. Over time, the 
potential for exposure would increase as contaminants continue to be released to the 
groundwater. The degree of contamination in the groundwater would decrease through 
natural attenuation and dilution over a long period of time (i.e., greater than 1000 
years) provided that no new sources of contamination were generated. 
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Not Applicable 

Surface Water 
Monitoring 

Not effective in protecting No actions would be None. 
public health or the implemented. 
environment. 

Does not reduce toxicity, Readily implementable. Low; includes 
mobility or volume of installation of 
contaminants; indicates automated monitoring 
effectiveness of water system. 
treatment system. 

Low; includes 
materials and 

' installation and is 
dependent on  the 
extent of the area to 
be enclosed. 

TABLE M.5-1 
SUMMARY OF EVALUATION OF 

TECHNOLOGIES AND PROCESS OPTIONS FOR SOIL AND SEDIMENT 
(Shaded Process Options and/or Technologies have been eliminated from further consideration) 

* ,  

.._. 

. ,  

General 
Response 

Action 

Operation & 
Maintenance 

cost 
Remedial 

Technology Process Ootion I Effectiveness I Imdementabilitv I CaDital Cost 

No Action None None. 

Low; includes 
sampling and 
analyses. 

Institutional 
Controls 

Monitoring 

Low; includes 
maintenance, 
sampling, and 
analyses. 

Groundwater 
Monitoring 

Does not reduce toxicity, 
mobility or  volume of 
contaminants; indicates 

Readily implementable. Low; new wells may 
need to be installed. 

I recovery system. I I effectiveness o f  groundwater 

Leachate 
Monitoring 

Does not reduce toxicity, 
mobility or volume of 
contaminants; indicates 
effectiveness o f  remedial 
actions. 

Readily implementable. Low; new collection 
sumps may need to be 
installed. 

Low; includes 
sampling, and 
analyses. 

AccesslUse 
Restrictions 

Physical Barriers Indirectly achieves human 
health objectives by 
preventing access; does not 
meet environmental objectives 
since contaminants are left in 
place. 

Readily implementable. Negligible. 

Security Guards Indirectly achieves human 
health ol>.jectives hy limiting 
allowable site activities; does 
not meet enviriminental 
ob,jectives since contaminants 
are left in place. 

Readily implementable; 
physical barriers required 
for long term 
implementation. 

Negligible. Low; salaries 
for security 
personnel and 
administrative 
costs. 



TABLE M.5-1 
(Continued) 

General 
Response 

Action 

Operation & 
Maintenance 

cost 
Remedial 

Technology Effectiveness Implementability Capital Cost Process Option 

Institutional 
Controls 
(continued) 

AccesslUse 
Restrictions 
(continued) 

Deed Restrictions Indirectly achieves human 
health objectives by limiting 
allowable site activities; does 
not meet environmental 
objectives since contaminants 
are left in place. 

Readily implementable 
within facility boundary; 
not implementable for off- 
site property. 

Negligible. Negligible. 

Continued Federal 
Ownership 

Indirectly achieves human 
health objectives by limiting 
allowable site activities; does 
not meet environmental 
objectives since contaminants 
are left in place. 

Readily implementable; 
maintains status quo. 

Negligible. 
~~ 

Negligible. 

Containment Capping Multilayer Cap Does not reduce toxicity, 
mobility or volume of 
contaminants; reduces the 
potential for migration by 
limiting infiltration and 
erosion. 

Materials, equipment, and 
skilled labor are readily 
available. 

Moderate; includes 
costs for material and 
installation and is 
dependent on the 
extent of the area to 
be capped. 

~~ 

Low; limited 
to inspections, 
repairs, and 
maintenance. 

Surface Water 
Control 

Diversion/ 
Collection 

Readily iinplementable. Moderate; includes 
materials and labor. 

Low; minimal 
maintenance. 

Would minimize run-on, run- 
off, erosion, infiltration and, 
therefore, contaminant 
migration. 

~~~ 

Would be effective in 
contounng the surface to 
prevent run-on and run-off 
and to minimize infiltrahon, 
and, therefore, contamnant 
mgration. 

Would he effective in 
minimizing erosion by wind 
and water and, therefore, 
contamindnt migration. 

Readily implementable. Grading Moderate; includes Low; minimal 
materials and labor. maintenance. 

I 
Revegetation Low; includes labor 

and materials. 
Low; minimal 
maintenance. 

Readily implementable. 



General 
Response 

Action 

Removal 

Treatment 

Effectiveness 
Remedial 

Technology 

Operation & 
Maintenance 

Implementability Capital Cost cost 

Excavation Effective in removing 
contaminated media so it no 
longer is a tlireat to human 
health and the environment. 

Physical 

Conventional techniques Low; includes 
are readily implementable; 
equipment and materials 
are readily available. 

equipment and labor. 

Physical/ 
Chemical 

Would be effective in 
segregating contaminated soil 
from noncontaminated soil. 

Process Option 

Implementable, although Moderate; includes 
low contaminant levels instruments for 
may be difficult to detect 
with hand-held 
instruments. 

analysis. 

Excavation 

Sorting/Separation 

~ 

DewateringlDrying 

Soil Washing 

Physical Separation 

TABLE M.5-1 
(Continued) 

Negligible. 

Low; includes 
sampling and 
analysis, and 
monitoring. 

Moderate; includes ' I  equipment, labor and 
Readily implementable. I Would be effective in 

reducing moisture content of 

I solids (soil and treatment 
residuals). I I 
Has proven effective in 
removing soil contamination 
(uranium) in pilot plant 
testing; emerging technology; 
additional treatability studies 
required. 

Achieve waste minimization 
through volume reduction; 
emerging technology; 
additional treatability studies 
required 

Required equipment 
readily available; would 
require a large 
compliment of operators 
and large quantities of 
chemicals. 

Required equipment 
readily available; 
minimum number of 
operators required to run 
the system 

High; includes 
equipment, power, 
operators, treatment 
chemicals, and 
material and residual 
handling. 

Low; includes 
equipment, power, 
operators, and 
material and residual 
handling 

Low, includes 
long-term 
monitoring of 
treated soil. 

Low; includes 
long-term 
monitoring of 
treated soil. 



' 

General 
Response 

Action 

Treatment 
(Continued) 

TABLE M.5-1 
(Continued) 

Remedial 
Tech nology Process Option Ellcrtiveness Implementa bility Capital Cost 

Operation & 
Maintenance 

cost 

Solidification1 
Stabilization 

Cement-/Pozzolan- 
Based Solidification 

Effective in immobilizing 
radionuclides and inorganics; 
effectiveness for organics 
dependson concentrationand 
mobility of compounds. 

Uses commonly available 
techniques, and 
equipment. 

High; includes 
equipment, reagents, 
labor, and power 
usage. 

Low; includes 
long-term 
monitoring and 
maintenance of 
solidified area. 

Vitrification 

Thermal Thermal 
Desorption 

Effective in treating 
hazardous waste and 
immobilizing radionuclides. 
Developed specifically for 
application to radioactive 

Most techniques not 
commercially available, 
but can be made available 
for DOE sites. Requires 
special equipment and 

High; includes 
equipment, utility 
costs, and operators. 

Low; includes 
long-term 
monitoring of 
stabilized 
materials. 

waste sites. highly trained operators. 

Effective for removal of 
organics. N o t  effective in technically and equipment, labor and maintenance 
removal of imirganics or administratively feasible utility costs. and 
radionuclide constituents of and readily monitoring. 
concern (COCs). implementable. Mobile 

This process is both High; includes Low; includes 

units are available. 



General 
Response 

Action 

Treatment 
(continued) 

Remedial 
Technology 

Thermal 
(continued) 

TABLE M.5-1 
(Continued) 

. .. 

Process Option Effectiveness 

Rotary Kiln 
Incineration 

Effective for removal of 
organics. Not effective in 
removal of inorganics or 
radionuclide COCs. Effective 
in both long-term and short- 
term. 

Infrared 
Incineration 

Effective for removal of 
organics. Not effective in 
removal of inorpanics or 
radionuclide COCs. 

I mplementnhility Capital Cost 

Operation & 
Maintenance 

cost 

This process is both 
technically and 
administratively feasible 
and readily 
implementable. Mobile 
units are available.. 

High; includes 
equipment, labor and 
utility costs. 

Low; includes 
maintenance 
and 
monitoring. 

This process is both 
technically and 
administratively feasible 
and readily 
implementable. Mobile 
units are available. 

High; includes 
equipment, labor and 
utility costs. 

Low; includes 
maintenance 
and 
monitoring. 

. ,. 



. General 
Response 

Action - 
Storage Moderate; includes 

structure, pad, 
secondary containment 
and drain system. 

Disposal 

Moderate; 
includes 
monitoring, 
maintenance, 
and security. 

Remedial 
Technology - 

Intermediate 

Low; includes 
earthmoving and 
handling equipment 
and labor. 

High; cost dependant 
on volume of material 
to be landfilled. 

On-Property Low; includes 
maintenance 
and 
monitoring. 

Moderate; 
includes 
monitoring and 
maintenance. 

Off-Site 

Process Option 

Central Storage 
Facility 

Backfilling 

Engineered 
Disposal Cell 

Consolidation 

Nevada Test Site 

Permitted 
Commercial 
Facility 

TABLE M.5-1 
(Continued) 

Effectiveness 

Effective in isolating 
contaminants; not a 
permanent solution; 
dependant on continued 
maintenance. 

Contingent upon the backfill 
material meeting the required 
soil remediation goals. 

Effective in isolating 
contaminated materials so that 
direct contact threats and 
contaminant migraiion are 
reduced. 

Contingent upon the 
consolidated material meeting 
the waste acceptance criteria 

Radionuclide COCs would be 
permanently removed from 
the site; mixed waste 
(hazardous and radioactive) 
will not be accepted. 

Radionuclide, organic and 
inorganic COCs would be 
permanently removed from 
the site; mixed wastes would 
be accepted. 

Implementability 

Design and construction is 
readily implementable. 

Equipment, labor and on- 
property disposal sites are 
readily available. 

Disposal cell design and 
construction widely 
practiced; siting will 
require regulatory 
approval. 

Equipment, labor and on- 
property consolidation 
sites are readily available. 

Administratively easy to 
implement, logistically 
more difficult; waste must 
be containerized; no rail 
line into site. 

Waste disposal is readily 
implemented; waste can be 
received in bulk 
shipments; a rail line runs 
directly to the facdity. 

Operation & 
Maintenance 

Capital Cost 

fees and packaging 
costs. 

Negligible. Moderate; due to 
disposal fees, no 
packaging costs 
required. 



General 
Response 

Action 
Remedial 

Technology Process Option Capital Cost 

Truck Transport 

Operation & 
Maintenance 

cos t  

Rail Transport 

Disposal 
(continued) 

TABLE M.5-1 
(Continued) 

Waste 
Transportation 

Effectiveness 
_ _ _ _ ~  ~ ~~ 

Effective in transporting 
contaminated material on site 
and off site; provides portal 
to portal service to sites 
without rail spurs. 

Effective in transporting 
contaminated material off 
site; will require the 
additional use of truck 
transport if rail spur not 
available t o  disposal site. 

I mplementa bility 

Truck transport is 
moderately difficult for 
long distances; notification 
of regulatory agencies 
would be required. 

Rail transport is readily 
implemented, some rail 
upgrades may be required; 
highly reliable and safe. 

~ ~~ ~~ 

Moderate, compared 
to rail transport; 
includes construction 
of access roads. 

High, compared to 
truck transport; 
includes upgrading 
on-site rail spur and 
loading areas. 

Moderate; 
includes fees, 
maintenance of 
access roads, 
loading areas. 

Low; includes c rail fees. 
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None 

Monitoring 
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_____ 

Not applicable X 

Surface water monitoring X X 

TABLE M.5-2 

Thermal desorption 

Rotary kiln incineration 

General 
Response 

Action 

N o  Action 

Institutional 
Controls 

Containment 

Removal 

Treatment 

Storage 

Disposal 

X X 

X 

SUMMARY OF RETAINED SOIL AND SEDIMENT 
TECHNOLOGIES AND PROCESS OPTIONS 

Intermediate Storage 

Remedial 
Technology 

Infrared incineration X 

Central storage facility X X 

Process Option 

Engineered disposal cell 

Consolidation 

Primary 

X X 

X X 

Representative 

ODtion'"' 

Off-Site 

Waste Transportation 

Nevada Test Site X 

Commercial disposal facility X X 

Truck transport X X 

Rail transport X X 

I Groundwater monitorine I 1 x 1  X 

I Leachate monitoring I 1 x 1  x 
AccessIUse 
Restrictions 

Controls 

Solidification/ Cementlpozzolan-based 
Stabilization solidification l x l  

I Vitrification I 1 x 1  
Thermal 

On-ProDertv I Backtilling 1 x 1  I X 

(a) The representative process options have been selected for incorporation into the remedial alternatives. Their selection 
does not preclude the use of other retained process options in the remedial design. 
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Implementabilitv: No remedial actions would be implemented under the no-action 
response. 

0 Cost: There are no capital costs or O&M costs associated with the no-action response. 

As required by the NCP, the no-action response is retained for further evaluation as a baseline 
comparison for other remedial action alternatives. 

M.5.2 INSTITUTIONAL CONTROLS 
The technologies considered for institutional controls include access/use restrictions and monitoring. 

M.5.2.1 Monitoring Technologies 
Process options considered for this technology include: 

Surface water monitoring 
Groundwater monitoring 
Leachate monitoring. 

Surface Water Monitoring 
Surface water monitoring is applicable to contaminated soil and sediment because surface water can 
act as a transport mechanism for contaminants. Additionally, surface water sampling may be required 
in conjunction with on-property disposal or containment options. 
storm water would be required for any water discharged to local surface streams. Surface water 
monitoring can also be helpful in evaluating potential surface water contaminant migration and the 
effectiveness of remedial treatment activities. 

Sampling and analysis of collected 

Effectiveness: Surface water monitoring would not reduce the toxicity, mobility, or 
volume of contaminants in the surface water. Also, monitoring would not provide any 
additional protection of the environment since the contaminated surface water would 
continue to migrate to off-site areas. Monitoring will be helpful in measuring and 
evaluating the effectiveness of remedial actions. Potential impacts on human health and 
the environment during implementation would be minimal. Exposure for sampling and 
analytical personnel would also be minimal. 

ImDlementability: Surface water monitoring is implementable. Equipment and services 
are readily available. While CERCLA response actions are exempt from administrative 
requirements 1 ike NPDES permits, the substantive information typically found on permit 
applications would be required to be provided to the state for any proposed point source 
discharges to the Great Miami River or Paddys Run. 

- Cost: For surface water monitoring only, capital and O&M costs would be relatively 
low. O&M costs would include labor to collect samples, laboratory analysis, and data 
validation/management. 
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Surface water monitoring would be effective in monitoring contaminant migration and the 
effectiveness of remedial actions. Surface water monitoring will be retained as a support option to be 
used in conjunction with other process options in the formation of alternatives. 

Groundwater Monitoring 
Groundwater monitoring, sampling, and analysis of selected wells can be used to assess the 
concentration levels and movement of the COCs. Monitoring of groundwater can also be helpful in 
evaluating the progress of other remedial activities. 

Effectiveness: Groundwater monitoring would not reduce potential threats to human 
health and the environment. Potential exposure to contaminants by sampling personnel 
would be negligible. There would be no threats to the environment associated with 
groundwater monitoring. Groundwater sampling and analysis are reliable and proven 
techniques for monitoring purposes. 

Implementability: Groundwater monitoring is readily implementable. There are 
presently numerous wells at the FEMP site, and additional wells could be easily 
installed, if needed. Minimal administrative complexities, including permit applications, 
are envisioned for monitoring well installation. 

- Cost: The only capital costs that may be incurred would be for the installation of 
additional monitoring wells, if needed. Easements may be required for the installation 
of off-property wells. Annual costs would be incurred for monitoring well maintenance 
and groundwater sampling and analysis. Capital and O&M costs are considered low. 

Groundwater monitoring would be appropriate as either compliance monitoring or response action 
monitoring. It would be effective and readily implementable, and is retained as a support process for 
incorporation into remedial action alternatives. 

Leachate Monitoring 
Leachate monitoring is applicable to site soil and sediment. Sampling and analysis of on-property 
leachate streams could be used to evaluate the progress of other remedial activities. 

Effectiveness: Leachate monitoring would not reduce the toxicity, mobility, or volume 
of contaminants in the perched groundwater. Also, monitoring would not provide any 
additional protection of the environment since the contaminated groundwater would 
continue to migrate into the Great Miami Aquifer. Monitoring would be helpful in 
measuring and evaluating the effectiveness of remedial actions. Potential impacts on 
human health and the environment during construction and implementation would be 
negligible. Exposure for sampling and analytical personnel would also be negligible. 
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ImDlementability: Leachate monitoring is easily implementable. It only involves the 
sampling and analysis of collected leachate seeps or streams. Equipment and services 
are readily available. 

- Cost: For leachate monitoring only, capital and O&M costs would be relatively low. 
Capital costs would include the possible installation of a few collection sumps. O&M 
costs would include sampling, laboratory analysis, and data validation/management. 

Leachate monitoring would be effective in observing, but not controlling contaminant migration. 
Leachate monitoring would be implementable. As a result, leachate monitoring will be retained as a 
support option for soil and sediment to be used in conjunction with other process options in the 
formation of remedial alternatives. 

M.5.2.2 Access/Use Restrictions 
Process options considered for access/use restrictions include: 

Physical barriers 
Security guards - 
Deed restrictions 
Continued federal ownership . 

Phvsical Barriers 
Physical barriers consist of fences, structures, and controls implemented at a hazardous waste and/or 
materials site to reduce human contact with the contaminants by preventing individuals from entering 
the site. Physical barriers would include a site perimeter fence with locked gates. This option may 
also include the installation of markers to delineate areas where hazardous materials or contaminants 
remain on the FEMP property. These barriers would discourage trespassing and require individuals 
to enter through security gates and controlled entrances. 

Effectiveness: Physical barriers would be an effective method for isolating and defining 
the area required to handle, treat, or dispose of contaminated material. Physical. 
barriers alone are not effective in meeting remediation goals because they provide no 
reduction in the toxicity, mobility, or volume of contaminants. However, when used in 
conjunction with other technologies, physical barriers can assist in meeting remediation 
goals and are effective in protecting human health by restricting public access to a waste 
site. Physical barriers are only minimally effective in protecting the environment as 
contaminants could continue to migrate into the environment through groundwater, soil, 
surface water, and the atmosphere; however, physical barriers would limit access of 
certain animals to the waste site. The construction of physical barriers would have a 
negligible impact to both human health and the environment. Physical barriers are a 
reliable and proven method of restricting access of the general public to a waste site; 
however, they can be breached during acts of vandalism or vagrancy. Maintenance of 
the barrier would be required to ensure its effectiveness over the long term. 
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Imolementability: Physical barriers are administratively feasible and require no special 
permitting to implemen!. Physical barriers are currently in place; however, additional 
barriers and continued maintenance activities would be required for long-term 
imp I ementat ion . 

- Cost: The capital costs necessary for physical barriers include materials and labor and 
are dependent on the extent of the area(s) to be enclosed. Once the physical barriers are 
installed, there would be minimal maintenance requirements and O&M costs. Costs are 
expected to be low. 

Physical barriers would be effective in restricting access and direct contact by humans; but would not 
remove the potential for contaminant migration. Physical barriers are retained as a support action for 
incorporation into remedial action alternatives. 

Securitv Guards 
Security guards would supplement physical barriers by monitoring for breaches in the barriers and for 
trespassers that may have entered the controlled areas. 

e Effectiveness: Security guards are effective in supplementing physical barriers. Security 
forces would monitor the physical barriers for breaches. Random patrols would 
discourage vandalism or vagrancy. Security guards would physically remove 
trespassers that did breach the barriers. Security guards provide no reduction in 
toxicity, mobility, or volume of contaminants, but are effective in protecting human 
health by restricting public access to the contaminated media. Security guards are a 
reliable and proven method of restricting access of the general public' to a waste site. 

ImDiementabiiitv: Security guards are administratively feasible. Security forces are 
currently on site. Physical barriers would be required for long term implementation to 
assure boundaries are properly delineated. 

- Cost: There are no capital costs associated with security guards. O&M costs would be 
relatively low. 

Security guards are retained for further consideration as a support action to be used in conjunction 
with physical barriers. 

Deed Restrictions 
Deed restrictions may be potentially applicable for areas containing contaminated soil. Deed 
restrictions are a legal form of administrative control that would prohibit specified land use activities. 
Limited land use may include prohibiting well drilling, farming, earth excavation operations, and/or 
erection of buildings. 
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Effectiveness: Deed restrictions would be effective in placing legal restraints on the 
future use or development of areas used to contain or dispose of contaminated material 
on the FEMP property. Deed restrictions can be effective in protecting human health 
by restraining agricultural, construction, or other usage or development activities that 
could increase public exposure to the contaminated material. Deed restrictions can also 
be used to reduce public access to a waste site; however, they are only minimally 
effective at limiting public access unless used with other institutional controls (i.e., 
physical barriers). Deed restrictions alone would provide no protection to the 
environment, since the contaminated material would remain in place without treatment 
and wildlife access to the site would not be restricted. However, deed restrictions could 
prevent the drilling of wells into the underlying Contaminated groundwater. 

Imulementability: Deed restrictions are administratively feasible; however, deed 
restrictions are susceptible to changes in laws governing the transfer of property, deed 
adherence, and enforcement. Deed restrictions do not require any special resources to 
implement. Legal services would be required to implement deed restrictions. 
consideration is being given in this FS to implementing deed restrictions on off-property 
areas through the purchase of land. 

No 

- Cost: Capital costs for this option include legal fees and are considered negligible. 
There are no annual O&M costs associated with this option. 

Deed restrictions would be somewhat effective in restricting access and direct contact by humans, but 
would not remove the potential for contaminant migration. Deed restrictions are retained as a support 
action for incorporation into remedial action alternatives. 

Continued Federal Ownership 
Continued federal ownership is applicable to on-property soil and sediment. In this process option, 
the federal government could restrict or eliminate contact with contaminated soil or sediment on- 
property by continuing to exercise its rights as a property owner. The property owner would 
continue custodial oversight of the property through the DOE or another government entity. 

Effectiveness: Continued federal ownership would not reduce the toxicity, mobility or 
volume of contaminants in the groundwater; however, it would reduce the potential risk 
to human health by using property ownership rights to limit potential exposure 
associated with contaminants contained on the FEMP property. Physical barriers would 
also be required to maintain the access limitations of the facility. 

ImDlementability: 
it represents the continuation of the existing situation with respect to property 
ownership. 

This option is readily implementable and administratively feasible as 

- Cost: Because the implementation of this option does not require the transfer of 
property ownership, capital and O&M costs would be negligible. 
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Continued federal ownership is retained as a support action for use with other institutional actions and 
containment options in the formation of the alternatives. 

B 

M.5.3 CONTAINMENT 
The technologies considered for containment include capping and surface water control. 

M.5.3.1 Catming Technologies 
Capping consists of the construction of a barrier that confines contaminated media to its current 
location. Capping is used to minimize infiltration, reduce transport of exposed waste materials, and 
minimize the potential for direct contact with contaminants. Capping typically involves the 
installation of a low-permeability compacted soil and/or synthetic liner over the waste or contaminated 
soil, and includes an overlying layer of topsoil and vegetation to protect the low-permeability barrier. 
Often, regrading of surface soil and relocation of the contaminated material within the area to be 
capped is required to maintain the proper side slopes on the cap in order to provide internal stability 
of the cap components and surface water control. The capping technologies reduce contaminant 
migration, but they do not reduce contaminant toxicity or volume. Capping is effective at reducing 
risks of exposure to the contaminated material. 

The only process option considered for this. remedial technology is multilayer capping. B 
Multilaver CaD 
Multilayer capping involves the installation of a barrier over the surface of the contaminated area. 
Capping can be used to control direct contact exposure and reduce the migration of contaminants to 
air, surface water, and groundwater. The cap would consist of a combination of low-permeability 
materials such as clay, concrete, asphalt, geotextiles, and synthetic membranes. 

The current design standards for mixed low-level radioactive and hazardous waste landfill caps 
commonly include: (1) an outer rock or vegetative layer to minimize erosion and provide for long- 
term stability, (2) a filter and drainage layer that transmits infiltrated water away from underlying low 
permeability layers to prevent ponding, and (3) an impervious flexible membrane overlying a 
compacted low-permeability clay layer. 

Effectiveness: This option provides protection of human health by minimizing the 
potential for direct contact with or ingestion of contaminated soil and sediment. The 
primary COCs which pose the greatest threat by ingestion and/or dermal contact 
include: PAHs (e.g., benzo(a)anthracene, chrysene, and benzo(a)pyrene), radium, 
thorium, and arsenic. It also reduces the potential for contaminant migration to air, 
surface water, and groundwater and for plant and/or aquatic life uptake. The cap will 
prevent surface water from filtering through the soil contaminated with uranium, the 
COC which poses the greatest risk to the groundwater. The only threats to human 
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health and the environment during construction would be fugitive dust emissions, which 
can be readily controlled by using dust suppressants and PPE. Capping is proven and 
reliable, if properly maintained. A multilayer cap would ensure the long-term isolation 
of contaminants in the event that one layer failed. 

ImDlementabilitv: Materials, equipment, and skilled personnel for the installation of a 
cap are readily available and acceptance from regulatory agencies for use with 
hazardous wastes is feasible. 

- Cost: Capital costs include material and installation costs. These costs are dependent 
on the type of capping materials and the extent of the area to be covered and are 
considered moderate. O&M costs are limited to inspections on a regular basis and any 
subsequent repairs or maintenance. O&M costs are considered low. 

The multilayer cap is a viable process option for control and containment of contaminated soil and 
sediment. It is retained for incorporation into remedial action alternatives as the primary 
representative process option for capping technologies. 

M.5.3.2 Surface Water Control Technologies 
Surface water controls evaluated include: 

Diversion/collection 
Grading 
Revegetation. 

DiversionKollection 
Diversion/collection would be used to control run-on and runoff from a waste area or a disposal 
facility. Diversion would be accomplished using dikes and berms; collection would be accompl ished 
by using channels or trenches. 

. Effectiveness: Diversionkollection would be effective in reducing infiltration which 
would help to minimize COC migration. Diversionkollection would not reduce 
contaminant toxicity, mobility, and volume. Maintenance of a diversion/collection 
system would be required over the long term. 

ImDlementability: Diversionkollection would be administratively feasible and require 
no special permitting to implement. Services to construct diversionkollection systems 
are readily available. 

Cost: Capital costs are considered moderate and include materials and labor. Once the 
diversionkollection system is installed, there would be minimal maintenance and no 
operating costs. 
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Diversion/collection of surface water will be retained as a support option in the development of 
remedial alternatives. 

Grading 
Grading would be conducted to recontour the surface to limit run-on, runoff and erosion. Grading 
would be conducted after excavation or for containment options. 

Effectiveness: Grading would be effective in minimizing run-on and erosion concerns 
from runoff. Grading would also help to minimize infiltration. Grading would not 
reduce toxicity, mobility, or volume. Maintenance of the graded area may be required 
over the long term. 

0 Implementabilitv: Grading is administratively feasible and requires no special 
permitting to implement. 

Cost: The capital cost necessary for grading includes equipment and labor and is 
considered moderate. Minimal maintenance and no operating costs would be incurred. 

Grading will be retained as a support action for incorporation into remedial alternatives. 

Revegetation 
Revegetation is a cost-effective method to stabilize the surface, especially after excavation and 
backfilling. Revegetation decreases erosion by wind and water and contributes to the development of 
a naturally fertile and stable surface environment. Revegetation is used with removal options. 

Effectiveness: Revegetation can be effective in stabilizing surface soil when used in 
conjunction with removal technologies that excavate contaminated soil. Revegetation is 
effective in helping to achieve the remediation goal of protecting the environment by 
reducing the migration of surface soil into streams. Revegetation is effective at 
controlling wind and surface water erosion. Revegetation is a reliable method for 
surface stabilization; however, revegetation is not a reliable method for surface 
stabilization in areas where strong erosion forces, steep grades, ponding conditions, or 
infertile soil decreases the effectiveness of revegetation. 

Implementability: Revegetation is administratively feasible and requires no special 
permitting to implement. Both resources and services required to place a vegetative 
cover are readily available. 

Costs: Capital costs would include labor and materials. When compared to other 
surface controls options, revegetation has a low capital cost and low O&M costs. 

Revegetation will be retained for incorporation into the alternatives as a support for removal actions. a 
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M.5 .4  REMOVAL 
Under this technology, soil excavation and sorting/separation are considered. 

M.5.4.1 Excavation Technologies 
The process options that passed the initial screening for this technology include: 

Excavation 
Sorting/separation. 

Excavation 
Soil excavation can be accomplished with conventional heavy construction equipment and is applicable 
to almost all site conditions. Backhoes, hydraulic excavators, graders, and loaders are most 
appropriate for the removal of soil and dry stream sediment. Sections of Paddys Run, the storm 
sewer outfall ditch, and the pilot plant drainage ditch are dry during the summer and autumn months; 
therefore, standard excavation techniques can be accommodated. Conventional exc'avation techniques 
can also be used when these streams are flowing if controls are in place to minimize downstream 
transport of contaminated sediment during excavation. 

Large volumes of potentially contaminated soil are also located beneath site buildings and facilities. 
To excavate this soil, the buildings must first be demolished or excavation must be through the tloor 
of the building. 

Effectiveness: Mechanical excavation effectively removes contaminated soil and 
sediment. The primary COCs which will be removed include uranium, thorium. 
radium, arsenic and PAHs. 
fugitive dust emissions during the excavation process. These risks will be minimal 
provided that PPE and dust suppressants are employed. 

There is a potential risk for worker exposure to short-term 

Imdementabilitv: The equipment necessary for the removal of site soil and sediment is 
conventional and readily available. Site conditions are conducive to easy 
implementation using conventional excavation techniques. 'The removal of soil or 
sediment from off-property areas will require access approval and adherence to U.S. 
Army Corps of Engineers requirements for excavation from Paddys Run. Before 
excavation of soil underneath a building, a study of the existing building/structure would 
be required to determine any bracing and/or shoring requirements to ensure that no 
extensive load displacements occur during the excavation process. 

- Cost: The capital costs for soil and sediment excavation would include equipment and 
labor and are considered low. The cost would increase if buildings were not removed 
before excavation. There are no annual O&M costs associated with excavation. 
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B Excavation of soil and sediment is deemed effective and implementable and is retained for 
incorporation into remedial alternatives as a primary representative process .option. 

SortindSeDaration 
Sorting/separation will be used to separate excavated materials into one of the three following groups: 
radiologically contaminated material, contaminated material, or clean soil. 

Excavated material will be sorted visually using mechanical excavating equipment to separate large 
debris or pockets of radiologically contaminated materials. Materials may also be sorted in the field 
using gamma detectors or photoionization detectors to detect low-level radioactive waste or volatile 
organics, respectively. Mechanical screening techniques might also be employed to separate soil from 
waste media. 

Effectiveness: Sorting/separation would be an effective technology for hand1 ing the 
volume of contaminated material present. Sorting/separation would be effective for 
reducing the total amount of material that would have to be treated or disposed. The 
use of sorting/separation is not effective by itself in meeting remediation goals; 
however, it is effective when used in conjunction with other process options. During 
construction, risks to site workers using field screening equipment can be mitigated by 
using safe work procedures. Sorting/separation is reliable for visually identifying large 
debris and sorting using mechanical excavators. The identification process for 
separating radiologically contaminated materials from nonradiologicall y Contaminated 
materials is relatively slow. 

Imdementabilitv: Sorting/separation is administratively feasible if conservative sorting 
decisions are made in the field. A method of quality assurance must be developed to 
calibrate the field readings with laboratory analysis to ensure that material sorted as 
noncontaminated is, in fact, clean. The resources for sorting using rneclpnical 
excavators and mechanical screening are readily available. The currently available 
resources for sorting radiologically contaminated material are slow, Devices that can 
identify large quantities of radiologically contaminated material relatively quickly are 
currently being developed. 

- Cost: Capital costs include equipment, labor expenses, and power usage, and are 
considered to be moderate. O&M costs include sampling and analysis, long-term 
maintenance, and monitoring of the waste after it is disposed of and are considered to 
be low. 

Sorting/separation will be retained for incorporation into the alternatives as a support action to other 
technologies that require contaminated waste to be separated before treatment or disposal. 
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M.5.5 TREATMENT 
The technologies considered under treatment include physical treatment, physicalkhemical treatment, 
solidificatiordstabilization, and thermal treatment. 

M.5.5.1 Phvsical Treatment Technologies 
The only process option considered for this technology is dewatering/drying. 

Dewater ing/Drv i ng 
Dewatering is a physical treatment process which is performed to reduce the moisture content of a 
material by a natural or mechanical process. By separating liquid from the solid material, the volume 
is greatly reduced and easier to handle. Additional dewatering by means of drying will further reduce 
the volume. 

Drying may include physical or thermal processes. Some thermal processes may require physical 
drying as a pretreatment step to extract excess water from the raw material before thermal drying. 
Physical processes include filter presses or spreading the material in drying beds. Filter presses might 
be suitable for treating residue from a water treatment process option. 

Thermal processes are typically classified in two ways, direct and indirect heating. Direct heating 
methods accomplish drying by direct contact between the wet solids and hot gases. Indirect heating 
methods dry materials by transferring heat to the wet solids through a retaining wall. lndirect 
methods minimize dust creation, but are less energy efficient than direct methods. Either method will 

require air pollution controls such as high-efficiency particulate air (HEPA) filters or scrubbers to 
contain dust or other emissions such as volatile organics that may be driven off in the process. 

The typical methods of dewatering/drying include filter presses, centrifuges, and/or rotary dryers. 

Effectiveness: Dewatering/drying is an effective means of reducing the amount of 
material being handled as a solid and in some cases is a necessary step to meet specific 
handling, treatment, and disposal requirements. It does not treat the organic, inorganic 
or radionuclide COCs, but can be effective as a support process option. Emission 
control may be necessary to capture any volatiles which are released during drying. 

0 Imdementability: The various methods of dewatering are all readily implementable and 
they are technically and administratively feasible. The specific process selected will be 
based on the initial moisture content and the desired final moisture content. 
Dewateringldrying equipment is readily available. 

Cost: Capital costs associated with this process which include equipment, labor, and 
utilities are considered to be moderate. O&M costs are negligible. 
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Dewatering/drying is applicable to soil and sediment, and treatment process residuals, and will be 
retained for use in the development of alternatives as a support process option in conjunction with 
other treatment and/or disposal options. 

M. 5.5.2 Phvsical/Chemical Treatment Technologies 
Process options that passed the initial screening for this technology type include: 

Soil washing 
Physical separation. 

Soil Washing 
Soil washing is an ex situ treatment process that incorporates the separation of chemical contaminants 
from the soil matrix by a combination of physical and chemical treatments. Soil aggregates are 
reduced to a single-grain composition by either mechanical- and/or chemical-based operations, 
allowing for particle separation based on size and/or density characteristics. Selected physicochemical 
operations can then aid in the extraction of inorganic, organic, and radiological chemical contaminants 
from the discrete soil particles. 

Limitations to conventional soil washing processes exist. Although this process may significantly 
reduce contaminant mass and mobility in the final treated soil, it may still not achieve a targeted 
cleanup criteria due to the indigenous nature of the soil contaminant matrix. The incorporation of 
additional processing steps (composed of chemical extraction and/or other innovative technologies) to 
meet targeted cleanup levels may result in a treatment process that is not cost competitive with off-site 
disposal or on-property consolidation. In addition, generation of secondary waste streams may reduce 
the net volume redut$on. Regeneration of the soil fertility following treatment, in order to support 
plant life, should not be a major problem given standard agronomic practices. 

Several soil washing treatability studies have been conducted on FEMP property contaminated soil 
using a cross section of extractant methods and reagents. These tests have been conducted under the 
DOE’S uranium in soil integrated demonstration and minimum additive waste stabilization programs, 
and the FEMP’s soil washing treatability studies (refer to Appendix D for more information regarding 
these programs and studies). All of the DOE programs and most of the FEMP tests focused on 
removing uranium, the principle site COC. 

Based on the results of the treatability studies to date, the following general conclusions are possible: 
1) site soil generally contains a high silt/clay fraction; 2) uranium contamination is present in all site 
soil fractions; 3) a carbonate extraction solution can reduce uranium concentrations in site soil to 100 
mg/kg (approximately 80 percent reduction); 4) a sulfuric acid extraction solution can reduce uranium 
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concentrations in site soil to 50 mg/kg (approximately 90 percent reduction); and 5) the sulfuric acid 
extractant process generates a relatively greater quantity of treatment residues than does the carbonate 
extractant process. 3 

2 

J 

5 The following is an evaluation of the soil washing process: 

0 

0 

e 

Based on 

Effectiveness: The soil washing process can reduce the concentration of uranium in the 
site soil by 80 to 90 percent, resulting in an approximately 60 percent net volume 
reduction. Questions remain about the mobility of the residual uranium remaining in 
the treated soil. The effect the soil washing process would have on the other 
radionuclide, organic, and inorganic COCs in the site soil is inconclusive. 

Imulementabilitv: A full-scale site soil washing system would require a wide spectrum 
of treatment equipment and appurtenances, all of which are available through standard 
equipment suppliers. A relatively large compliment of trained operators would be 
required, and large volumes of reagent chemicals would have to be shipped to the site 
on a daily or weekly basis. 

- Cost: Capital costs include treatment equipment, large volumes of reagent chemicals, a 
large compliment of trained operators, and electric power, and are considered high. 
O&M costs include long-term monitoring and are considered low. 

the current level of technological development, the retention of soil washing as a viable 
remedial technology for Operable Unit  5 soil must be as a support technology within a treatment-train 
process or as a sole process targeting soil contaminant anomalies, e.g., soil with excessively high 
concentration or mobility levels of uranium or other contaminants of concern. 

Due to the concerns regarding contaminant mobility, the physical characteristics of the treated soil, 
and the complexity of the operation that a full-scale soil washing system would require, soil washing 
will not be retained for incorporation into the remedial alternatives. However, there may be certain 
situations at the Operable Unit 5 site where soil washing could be a potentially viable support option. 
Treatability studies are continuing in an effort to discover ways to mitigate the concerns identified 
above and, in general, to improve the technical applicability and economic feasibility of the soil 
washing process. 

Phvsical Seuaration 
The operational premise for a physical separation process is to derive waste minimization through a 
volume reduction process by separating out a size fraction of the soil containing little or no 
contamination. Physical separation operations in soil washing have included high pressure water, 
screening, attrition scrubbing, froth flotation, tall column, electromagnetic separation, mechanical 
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separation, hydrogravimetric separation (including hydrocyclones, mineral jigs, and spiral classifiers), 
and multigravity separation. 

Primary limitations to the application of a physical separation-based soil washing process for Operable 
Unit 5 soil are the ubiquitous distribution of uranium throughout all soil particle-size fractions and the 
lack of predominately sand-based soil. In addition, since a number of soil contaminant matrices exist 
within Operable Unit 5, the effectiveness of water-based physical separation processes will depend on 
which soil-uranium matrix is being treated. However, significant reduction in contaminant mobility 
should result from in an oversize treated fraction coming off of the physical separation process. 

The following is an evaluation of the physical separation process: 

Effectiveness: A physical separation process has the potential to achieve waste 
minimization through volume reduction. The use of selective equipment for separating 
the coarse soil particles, e.g., gravel, sand and possibly the coarse silt fraction as well 
as dense metal particulates, could result in a soil fraction with residual uranium 
concentrations and mobility meeting selected targeted cleanup levels by either reducing 
uranium concentration and/or uranium mobility. 

Imulementability: A ful1:scale site physical separation system would require a much 
more simplified process than for a full-scale soil washing system. Select equipment 
would be used to provide specific soil size fractions and dewatering operations within 
the system. Processing rates would be relative high tonnage per hour with a minimum 
number of operators being needed to run the system. 

Cost: System design and capital cost for equipment are low. O&M costs include long-term 
monitoring and are considered low. 

Based on the current level of technological development, the retention of a physical separation-based 
soil washing process as a viable remedial technology for Operable Unit 5 soil must be as a support 
technology. Although, a physical separation process would certainly be cost competitive with off-site 
disposal and possibly with on-site consolidation, the nature of the soil Contaminant matrix within 
Operable Unit 5 does not lend itself to a definite resolution on whether the treated soil fraction would 
achieve the defined cleanup criteria. Its potential application would be as a support technology within 
a treatment-train process, possibly supported by other innovative technologies, or as a sole process 
targeting soil which either slightly exceeds cleanup criteria for total uranium concentration or soil 
with excessively high mobility levels for uranium or other COCs so as to exceed the on-site 
consolidation criteria. 
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M.5.5.3 Solidification/Stabilization Technologies 
Process options that passed the initial screening for this technology type include: 

Cement-/Pozzolan-based solidification 
Thermoplastic solidification 
Organic polymer stabilization 
Vitrification. 

Cement-/Pozzolan-Based Solidification 
Cement-based solidification involves sealing excavated wastes in a matrix of portland cement to 
physically or chemically solidify the waste. Pozzolan-based solidification is very similar to cement- 
based though the solidification agent is a mixture of fine-grained siliceous material, lime, and water. 
Other materials, such as flyash, cement-kiln dust, or ground blast-furnace slag can be used as the 
siliceous additive. Weight and volume increases are typical for the final product of cement-based 
solidification processes. Pozzolan-based methods also result in weight and volume increases. 

Solidification technologies are applicable to contaminated material whose primary COCs are 
inorganics and radionuclides. This technology reduces mobility through the binding of hazardous 
constituents into a solid mass with low permeability that resists leaching, or by chemically binding 
them to the solidification reagents and thereby resisting leaching. Solidification agents typically 
include pozzolanic-based materials such as portland cement, cement kiln dust, and tlyash. Additives 
such as lime or proprietary reagents are often added to the solidification formula to increase the 
effectiveness of the treatment. Specifically, lime can be added to reduce the solubility of metals and 
organophilic clay can be added to adsorb organic contaminants. 

Solidification technologies have been most successful when applied to inorganic waste streams, 
sludge, contaminated soil containing nonvolatile organics such as PCBs and creosote, and incinerator 
ash containing heavy metals @PA 1988b). Solidification is often used to pretreat radiologically 
contaminated wastes before disposal. 

The EPA has used solidification on many hazardous waste sites to determine treatment standards and 
the best demonstrated available technology. It has been demonstrated that small amounts of organic 
contaminants can retard the cementing reaction in cement-based and lime/flyash-based processes. 
Such contaminants decrease the compressive strength and increase the leachability of the contaminants 
(Sheffield et al. 1987, Eaton et al. 1987). Although several vendors have successfully used 
organophilic proprietary compounds as additives to bind organics (at low concentration levels) to the 
solid matrix to inhibit their retarding effect, high concentrations of VOCs will still cause retarding 
effects; Pretreating the waste before solidification to remove the organics by soil washing, thermal 
treatment, or chemical oxidation can prevent retarding effects. 
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Site demonstration tests were conducted using the Hazcon cement-/pozzolan-based solidification 
process on six different sludges and soil containing a wide variety of organic and metal contaminants. 
The tests indicated that, in general, a significant reduction in mobility was achieved for the heavy 
metals but not for the organic contaminants, both volatile and semivolatile (Sawyer 1988). 

The performance of a solidification system is highly waste specific; therefore, the process must be 
designed to accommodate the specific waste. A thorough physical and chemical characterization of 
waste and treatability testing is essential to determining the most suitable solidification reagents and 
mixing ratios, as well as any special pretreatment or material handling methods that may be required. 

The equipment used in solidification includes a feed system (conveyor or hopper), mixing vessels 
(pug mill or containers with excavating equipment), and bulk storage bins. After the waste is mixed 
with the solidifying agents the material is allowed to cure for a specified time period which is 
dependent on the strength required before handling or disposal. The solidified waste can be in the 
form of a treated block or a modified soil which can be compacted in a disposal area using standard 
construction equipment. 

Effectiveness: Cement-based or pozzolan-based (lime or flyash) solidification methods 
can be effective in immobilizing radioactive and inorganic COCs. The effectiveness in 
immobilizing organics depends on the concentration and mobility of the organic 
compounds. Solidification of contaminated soil will reduce the leachability of the 
primary radionuclide and inorganic COCs, including uranium, thorium, radium and 
arsenic. The mechanism to reduce leachability may be a result of pH adjustment or by 
the addition of a reagent which will chemically bind the contaminant to the solidified 
matrix. A treatability study will be requked to determine optimum mix ratios and the 
need to add special reagents to reduce mobility of the contaminants. The primary 
organic COCs are PAHs (e.g., benzo(a)anthracene, chrysene, and benzo(a)pyrene). 
These organics are relatively immobile and primarily present risks from direct contact. 
Solidification will minimize migration of the PAHs; however, the solidified mass will 
require some type of cover to eliminate the risk of dermal contact. The solidification 
process would be effective in eliminating direct exposures to receptors and in 
minimizing the leaching of soil and sediment Contaminants to other environmental 
media. Long-term stability and leachability, however, are potential concerns because 
the contaminants are not destroyed, but remain within the solidified mass. This type of 
solidification also results in a volume increase. 

Implementability: The equipment necessary for this process is similar to that used for 
cement mixing and handling. It includes a feed system, mixing vessel, and a curing 
area. A solidification process will require bulk storage for the solidification agents such 
as cement and flyash. The solidification agents will be metered at controlled rates 
using weight feeders. The solidification agents will be pneumatically fed to a pug mill 
where the soil and cement additives will be blended. The final mix will be deposited 
into reusable forms for curing. After curing, the solid blocks will be removed from the 
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forms and transported to the appropriate disposal destination. No permits, except for 
construction permits, would be required for an on-property treatment system. 

- Cost: Capital costs include equipment, reagents, labor expenses, and power usage and 
are considered high. O&M costs include long-term maintenance and monitoring of 
stabilized areas and are considered low. 

Due to concerns involving long-term stability, high reagent consumption, and significant volume 
increases leading to higher disposal costs, this process option will not be retained for incorporation 
into the remedial alternatives. However, there may be applications such as certain types of waste 
treatment residuals or smaller areas of soil containing very high inorganic and radionuclide 
concentrations where cement- and pozzolan-based solidification could be a potentially viable support 
option. 

Thermodastic Solidification 
Thermoplastic encapsulation involves sealing a waste in a matrix by the addition of a binder. The 
binder material may be asphalt bitumen, paraffin, sulfur cement, polystyrene, or polyethylene. The 
waste is dried, heated, and mixed with a heated binder material. The heated (266°F to 500°F) waste- 
binder mixture is placed in a container or mold where it solidifies as it cools. 

Thermoplastic encapsulation reduces the hazard potential of a waste by physically surrounding the 
waste and containing it in a less soluble, mobile, and/or concentrated form. Because there is no 
chemical reaction associated with this remedial technology, there is a decreased possibility that the 
waste would be incompatible with the binder. This technology will result in a volume increase due to 
the addition of the binder material. 

Thermoplastic techniques include both micro- and macro-encapsulation processes. Micro- 
encapsulation isolates and surrounds individual particles and macro-encapsulation produces a sol id 
mass of particles surrounded by a thermoplastic container. Macro-encapsulation, also called 
jacketing, isolates the waste by completely surrounding it with a durable, impermeable coating. 
Methods include sealing the waste in polyethylene or in a polyethylene-lined drum or mixing the 
waste with an organic polymer and then compressing the mixture into a polyethylene-coated block 
using a pressurelheating technique. 

Bench-scale thermoplastic encapsulation of DOE Rocky Flats wastes was performed by Brookhaven 
National Laboratory (BNL). The low-level radioactive wastes included in the thermoplastic 
encapsulation bench-scale testing were reactor-generated evaporator concentrate salts (sodium sulfate 
and boric acid), incinerator ash, and ion exchange resins. Full-scale thermoplastic encapsulation of a 
simulated nitrate salt waste was also successfully performed by BNL. BNL reports that thermoplastic 

X 

V 

I O  

I I  

12 

13 

14 

I S  

IO 

17 

18 

l Y  

20 ( 
? I  

22 

23 

711 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 
39 

FER\CRU5UPXS/APP-M-TEXTUVovemberl3. 1994 1:3Spm M-5-26 



6349 
FEMP-OSFS-4 DRAFT 

November 14, 1994 

encapsulation cannot be used for waste that contains highly volatile organics unless the waste is 
pretreated for their removal. 

Effectiveness: Solidification of contaminated soil will reduce the leachability of the 
primary radionuclide and inorganic COCs, including uranium, thorium, radium 
isotopes, and arsenic. This method is most applicable to heavy metals. Relative to 
cement-based solidification, the increase in volume and rate of leaching is significantly 
less. The energy intensity of the operation (to heat the thermoplastic material to a 
liquid) is increased by the requirement that the wastes be thoroughly dried before 
solidification. The primary organic COCs, which include benzo(a)anthracene, chrysene, 
benzo(a)pyrene and other PAHs, will be treated during this process. This process has 
not been applied full-scale to radioactive materials, and the long-term stability and 
leachability with .respect to such materials are uncertain. 

Implementability Thermoplastic solidification requires specialty equipment and highly 
trained operators to mix the wastes and solidification agent. No permits would be 
required for on-site treatment. 

0 - Cost: Capital costs include specialized equipment, specialized reagents, trained 
operators, and power and are considered high. O&M costs include long-term 
monitoring and maintenance of stabilized materials and are considered low. 

Based on the overall evaluation and the availability of more-proven methods, this option is not 
retained for further consideration. 

Organic Polvmer Stabilization 
This process involves mixing contaminated soil and sediment with a polymer and catalyst to form a 
stable solid. In solidifying wastes with organic polymers, the waste does not have to be dried before 
polymerization. Any liquid associated with the waste will remain after polymerization, if not dried, 
and the polymer mass must often be dried before disposal. Significant amounts of residual water may 
have an adverse effect on the physical integrity of the polymer structure. 

Effectiveness: The long-term effectiveness of the various organic polymers is 
questionable. Stabilization of the contaminated soil will reduce the leachability of the 
COCs, but many of the polymers are biodegradable and over time could release the 
contained radionuclide, organic, and inorganic COCs. This shows that these 
solidification methods are more for ease of handling than for long-term security of the 
wastes. Hazardous or harmful releases may occur from catalysts, "weep" water, and 
fumes from the resins. Little is known about suitable waste types for some polymer 
solidification processes. 

Imdementability: Specialized equipment, reagents, and trained operators are required 
for this process. No permits, except for construction permits, would be required for 
on-site treatment. 
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- Cost: Capital costs include equipment, specialized reagents, and trained operators ,and 
are considered high. O&M costs include long-term monitoring and maintenance of 
stabilized materials and are considered low. 

Because of the overall evaluation and the availability of more proven methods, this option is not 
retained for further consideration. 

Vitrification 
The vitrification of contaminated soil is achieved in a reaction chamber in which high temperature is 
used to reduce toxic organic compounds to elemental gas and carbon. The inorganic contaminants are 
either entrained in the glass and siliceous melts or are volatilized at the temperatures they are exposed 
to in the reaction chamber. The advantages of vitrification over other thermal processes are the lack 
of oxidation products and large air emissions, and the reduced leachability of inorganic materials such 
as heavy metals (EPA 1992). 

* 

The reaction chamber melter is divided into an upper and lower section, both of which are refractory- 
lined and have separate electric heating systems. During operation, the upper section accepts the 
waste feed via gravity and contains gases and other products of pyrolysis. The lower section contains 
the molten glass and inorganics of the waste. The off-gas and particulates are drawn off by an 
induction fan and treated through a cyclone, a baghouse, and an acid gas scrubber. The molten 
material containing the inorganics is withdrawn from the lower section of the chamber. The process 
operates on a continuous cycle with the waste entering the reactor, mixing with additives (tluxes) and 
molten glass being withdrawn. The off-gas and vapors are treated in a gas scrubber system and 
released to the atmosphere. The water in the scrubber system is recycled. The concentrations of 
hazardous constituents and the reduction of leachability in the residuals are such that further treatment 
is not required (EPA 1992). 

Soil containing radioactive material such as uranium can be successfully treated by vitrification. The 
organics in the soil would be treated by the off-gas system during pyrolysis when they become 
vaporized. The uranium and metals in the soil would be bonded in a glass product. 

In designing the vitrification system, considerations should be given to the organic and silica content 
of the soil and the volume of soil to be treated. The off-gas collection system would be sized based 
on the amount of organics in the soil and would include HEPA filters, scrubbers, etc., to prevent any 
airborne radionuclides from entering the atmosphere. The ratio of silica to flux in the waste would 
determine the waste loading of the melter and whether any additives (flux) would be needed in the 
soil before melting. The amount of soil to process would also determine the size of melter needed. 
The off-gas systems and melters for vitrification would be commercially available through several 
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vendors. The melter sizes that are available range from 150-pounds-per-hour units to 100-tons-per- 
hour units. 

The weathering behavior of volcanic glass (a natural analog to the vitrified product) can provide some 
measure of the long-term stability and durability of the vitrified product. Only very thin weathering 
rinds develop on volcanic glass over a period of several million years. The slowness in the overall 
degradation of a glass grain suggests that the diffusion coefficient or leachability index would remain 
relatively unchanged over time. Data on the long-term stability of vitrified material are not available, 
and the life expectancy of the vitrified product is difficult to estimate from short-term leach rates. On 
the basis of the longevity of volcanic glass and diffusion calculations, the vitrified product would be 
expected to withstand environmental exposure for thousands of years. 

Effectiveness: The effectiveness of this process varies depending on the types of 
radionuclides and other chemical constituents in the contaminated material. It has been 
developed specifically for applications to radioactive waste sites, particularly by the 
DOE in its remediation programs. When compared to other waste solidification 
methods, vitrification offers the greatest degree of containment. Vitrification of 
contaminated soil will reduce the leachability of the primary radionuclide and inorganic 
COCs, including uranium, thorium, and radium isotopes and arsenic. The primary 
organic COCs are PAHs (e.g., benzo(a)anthracene, chrysene, and benzo(a)pyrene) that 
will be released as an off-gas during vitrification and will require collection and 
treatment. A treatability study will be required to determine the process parameters. 
The volume of waste is reduced after vitrification. The collection and treatment o f  off- 
gases is an important technical consideration. 

tmdementability: Most techniques for this process are not commercially available but 
can be made available for DOE sites, because much of the research and development 
were conducted in support of DOE programs. Highly trained operators would be 
required. Approval for air emissions may not be required because this is not an 
incinerator. 

. 

- Cost: Capital costs are expected to be moderate to high. Because soil will vitrify at 
relatively low temperatures, utility costs will be moderate; however, equipment costs 
will be high. Long-term monitoring of vitrified waste placement areas may be required, 
but O&M costs are considered low. 

Vitrification is a potentially viable process which will be used as a support option in the treatment of 
smaller quantities of soil, sediment, or waste treatment residuals. A small, 20-ton-per-day 
vitrification unit will be employed to clean the wastes in the K-65 silos as part of the Operable Unit 4 

remedial action plan. Once the K-65 silo wastes are cleaned up, in approximately three years, this 
vitrification unit may be used to process a very limited amount of treatment residuals or heavily 
contaminated soil or sediment from Operable Unit 5 ,  but would not have nearly enough capacity at 20 
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tons per day to handle the two to three million tons of soil which would potentially need to be 
remediated in Operable Unit 5. 

M.5.5.4 Thermal Treatment Technologies 
Process options that passed the initial screening for this technology type include: 

Thermal desorption 
Rotary kiln incineration 
Fluidized bed combustion 
Circulating bed combustion 
Infrared incineration 
Plasma centrifugal furnace. 

Thermal Desomtion 
Thermal desorption is the process by which organic contamination is removed from soil by raising the 
temperature of the soil to cause volatilization of the specific organic chemicals. The vapor phase is 
then captured and treated by carbon adsorption, concentrated, or destroyed by incineration. The 
concentrated organics or spent carbon would be shipped off site for disposal. This thermal treatment 
process would be used to treat soil contaminated with RCRA waste constituents (i.e., solvent wastes), 
and/or other organics such as semivolatiles and PCBs. 

Effectiveness: This process is able to remove volatile and semivolatile organic 
contaminants. The primary organic COCs which pose the greatest threat are PAHs 
(e.g., benzo(a)anthracene, chrysene, and benzo(a)pyrene), which will be removed by 
this process. Additionally, volatile organics and PCBs are present in the soil. This 
process is not capable of treating the inorganic or radionuclide COCs. This process is 
therefore only effective in achieving the RAOs for some of the organic contamination 
and applicable only as a pretreatment. 

ImDlementability: This technology is widely available. Specialized equipment and 
trained personnel would be required, but it is technically and administratively feasible. 
Mobile units are available. 

- Cost: Capital costs for equipment, 
include long-term maintenance and 
considered to be low. 

labor and utilities are considered high. O&M costs 
monitoring of the final disposal area and are 

Thermal desorption can be an effective means to remove specific organics and has been selected as 
the representative thermal treatment support process option for the pretreatment of certain organics in 
soil, sediment and treatment process residuals. 
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Rotarv Kiln Incineration 
Rotary kiln incinerators are slightly inclined, refractory-lined cylinders. Their primary use is the 
combustion of organic solids. This thermal treatment process would be used to treat soil 
contaminated with RCRA waste constituents (i.e., solvent wastes) and/or other organics such as semi- 
volatiles and PCBs. Wastes are injected into the kiln at the higher end and are passed through the 
combustion zone as the kiln rotates. The rotation creates turbulence and improves combustion. Most 
rotary kilns are equipped with afterburners to ensure complete combustion. Waste retention time can 
vary from several minutes to an hour or more depending on the contamination, moisture content, and 
British thermal unit (Btu) value in the soil. Wastes are substantially oxidized to gases and inert ash 
within this zone. Ash is removed at the lower end of the kiln. Flue gases are passed through a 
secondary combustion chamber and then through air pollution control units for particulate and acid 
gas removal. 

Rotary kilns are separated into three sizes. The small rotary kiln generally operates below 20 million 
Btu/hour with a capacity of 1 to 2 tons/hour, and is applicable for projects less than 5000 tons 
containing both volatile and semivolatile organics. The medium-sized rotary kiln generally operates 
in the range of 20 to 40 million Btu/hour with a capacity from about 4 to 7 tondhour. Typical 
project size is from 5000 to 30,000 tons and can handle many different types of wastes with only a 
minimum amount of pretreatment feed-size reduction. The large rotary kiln generally operates above 
40 million Btu/hour with a capacity of more than 10 tons/hour, and is cost effective only on projects 
requiring greater than 20,000 tons of soil to be processed. Rotary kiln incinerators are used 
extensively on hazardous waste projects. 

Effectiveness: Rotary kilns are capable of burning a wide range of waste in any physical 
form (solid, liquid, gas). The organic COCs which are volatile organics, PCBs, and 
PAHs will be removed by this process, but the inorganic and radionuclide COCs are 
not. This process, therefore, is not effective in reducing the toxicity, mobility, or 
volume of these COCs, but often can be used as an effective pretreatment for the 
removal of organics. It is also effective in both the short term (during construction and 
implementation) and the long term. 

Imulementabilitv: Rotary kiln incinerators, both fixed and mobile, are widely available 
commercially from many vendors and are in broad use for most hazardous waste 
applications, including RCRA, CERCLA, and other toxic substances. Specialized 
equipment and skilled labor are required. Some pretreatment and careful maintenance is 
required. The process has been found to be technically and administratively feasible. 

Cost: Capital costs for equipment, labor and utilities are considered high. O&M costs 
include long-term maintenance and monitoring of the final disposal area and are 
considered to be low. 
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. Rotary kilns are an established and effective means of destroying organic contamination and therefore 
can be used as a pretreatment process option. This technology will be retained as a potential support 
process for the treatment of organics in soil, sediment and treatment process residuals. 

Fluidized Bed Combustion 
The fluidized bed system is an efficient combustion process which can operate at lower temperatures 
than most combustion devices because of the high-mixing energies aiding the combustion process. 
The most typical wastes treated in fluidized beds include slurries and sludges as well as halogenated 
and nonhalogenated solids. This thermal treatment process would be used to treat soil contaminated 
with RCRA waste constituents (Le., solvent wastes) and/or other organics such as semivolatiles and 
PCBs. 

The fluidized bed incinerator consists of a refractory-lined vessel containing a bed of inert granular 
material. The waste is injected directly into the bed or at its surface. Combustion air is forced 
upward through the bed, which fluidizes the material at a minimum critical velocity. A combustion 
environment that resists temperature fluctuations and enables the retention time to be controlled is 
established. Combustion gases are drawn out and treated for removal of acid gas and particulate 
constituents. The standard temperature operating range is from 850°F to 2100°F. 

Effectiveness: This process is well suited for incineration of high-moisture wastes such 
as municipal wastewater treatment plant sludges and only limited data exists on the use 
of fluidized beds for hazardous waste incineration. This process will destroy the 
organic COCs which are volatiles, PCBs, and PAHs, but will not treat the radionuclide 
and inorganic COCs. This process has a relatively low throughput capacity, and it is 
difficult to handle the residues and ash produced in the bed. Although it is effective in 
achieving the remediation goal for organics it still does not handle inorganics or 
radionuclides and its short-term effectiveness for this application is unsure. 

Imulementability: This technology is used widely in the pulp and paper industry, but 
limited information is available for environmental applications. Equipment would have 
to be special ordered and require trained personnel to operate the equipment. This 
technology is technically and administratively feasible. 

Cost: Capital costs for equipment and utilities are considered high. Low O&M costs 
are associated with the disposal of the by-products of this process are considered to be 
low. 

Because this technology does not have the track record that other thermal technologies have in 
treating hazardous wastes, this process option will not be retained for further consideration as a 
pretreatment option. 
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D Circulating ~ e d  Combustion 
The circulating bed combustor (CBC) system is an efficient process that can operate at lower 
temperatures than most combustion devices because of the high mixing energies aiding the combustion 
process. This thermal treatment process would be used to treat soil contaminated with RCRA waste 
constituents (Le., solvent wastes) and/or other organics such as semivolatiles and PCBs. The CBC 
system operates in the same manner as the fluidized bed, except that the system operates at higher air 
velocities which allow it to operate at lower temperatures. The CBC consists of a refractory-lined 
vessel containing a bed of inert, granular material. The waste is injected directly into the bed. 
Combustion air is forced upward through the bed. A combustion environment that resists temperature 
fluctuations is established. Combustion gases are drawn out and treated for removal of acid gas and 
particulate constituents. The standard operating temperature is approximately 850°F. 

Effectiveness: This process is well suited for incineration of high-moisture soil and 
wastes with low Btu values. Limited data exists on the use for hazardous waste 
application. This process will remove the organic COCs but will not treat the 
radionuclide and inorganic COCs. This process is therefore only effective as a 
pretreatment to remove the organic contamination. It is effective in the short and long 
term, but only for organics. 

Implementability: Circulating fluidized bed incinerators are relatively new 
developments that have not been widely used for waste incineration. Equipment would 
have to be special ordered and require highly trained personnel to operate the 
equipment. This technology is technically and administratively feasible, but has not 
been widely implemented. 

Cost: Capital costs for equipment, labor, and utilities are considered high. This 
technology is more fuel efficient than the rotary kiln for low-Btu soil. The O&M costs 
associated with the process include long-term maintenance and monitoring of the final 
disposal area and are considered to be low. 

Because this technology does not have the track record that other thermal technologies have in 
treating hazardous wastes, this process option will not be retained for further consideration as a pre- 
treatment option. 

Infrared Incineration 
Infrared incineration treats waste by passing material through the primary chamber on a belt exposed 
to thermal radiation. After the primary chamber, combustion products flow into a secondary 
chamber, which can be either a combination gas-firedhnfrared unit or a conventional gas-fired 
secondary chamber. Flue gas treatment is accomplished by any conventional off-gas cleanup system. 
The unit has a soil capacity of about 3 tondhour. The operating range is around 1400°F for the 
primary chamber and 1600°F for the secondary chamber. The organics are removed in the primary 
chamber and destroyed in the secondary chamber. This thermal treatment process would be used to 
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treat soil contaminated with RCRA waste constituents (Le., solvent wastes) and/or other organics such 
as semivolatiles and PCBs. The residuals from this process, like the other .thermal treatment 
processes, are ash, scrubber water, and off-gases. 

Effectiveness: Infrared units require a uniform feed and are most applicable to low-Btu 
soil. The organic COCs (volatile organics, PCBs, and PAHs) will be removed by this 
process, but the inorganic and radionuclide COCs are not treated by this process. These 
units are therefore effective only as a pretreatment for organics. 

ImDlementabilitv: Commercial use of the infrared technology has been employed; 
treatment of CERCLA wastes containing halogenated and nonhalogenated organics has 
been completed. Specialized equipment and personnel are required to operate this 
system. This technology is technically and administratively feasible; mobile units are 
available. 

- Cost: Capital costs for equipment, labor, and utilities are considered high. Low O&M 
costs associated with this process include long-term maintenance and monitoring of the 
final disposal and are considered to be low. . 

Infrared incineration ia applicable to site soil, sediment and treatment process residuals, and will be 
retained for consideration as a potential organics pretreatment support process option. 

Plasma Centrifugal Furnace 
The plasma centrifugal furnace is a thermal treatment process that uses the heat from a plasma torch 
to create a molten bath to decontaminate soil. Organic contaminants are vaporized and react at very 
high temperature to form harmless products. Solids melt and are incorporated into the molten bath. 
Metals are retained within the molten bath that, when cooled, results in a solid nonleachable matrix. 
This process is most appropriate for soil contaminated with metals and hard-to-destroy organic 
compounds, and for highly concentrated waste. It is effective for almost any toxic material, but 
because of the electric power required, it is most beneficial for wastes with a high solids content 
containing heavy metals and/or organics. Mixed hazardous and radioactive waste can also be 
effectively treated using this process. 

Effectiveness: This process is most appropriate for soil contaminated with heavy metals 
and organic compounds. Mixed radioactive waste can also be processed. This process 
degrades or destroys the organic COCs and immobilizes inorganic and radionuclide 
COCs in the resulting matrix formed in the high-temperature reactor. Potential risks to 
human health and the environment are present if off-gas emissions are not treated 
properly. This process is effective in achieving the remediation objectives and effective 
in the long and short terms. It is most appropriate for highly concentrated wastes. 

ImDlementability: The plasma centrifugal furnace process is still in the research and 
development stage. Specialized equipment and skilled workers are required. Problems 
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have been encountered with the short electrode life and volatilization of metals. 
Technically, feasibility is pending and no information exists on application reliability. 

- Cost: Capital costs for equipment, labor, and utilities are considered high. O&M costs 
include maintenance and monitoring of the final disposal area and are considered to be 
low. 

Due to implementability concerns, this process option is not retained for further consideration in the 
development of remedial alternatives. 

M.5.6 STORAGE 
The storage of site waste and/or contaminated materials generated during remedial activities would be 
performed at an intermediate storage facility. 

M.5.6.1 Intermediate Storage Technolopies 
The only process option evaluated under the intermediate storage technology is a central storage 
facility (CSF). 

Central Storape Facility 
This option would provide storage capacity at a central location pending final disposition of the waste. 
The central storage facility will store contaminated bulk soil, bulk hazardous debris, and containerized 
hazardous material. It would be an unheated tension support structure on a concrete pad with 
secondary containment and would have forced ventilation equipment to remove vehicle fumes from 
inside the facility. A sump/drain system would also be included to collect water that may leach from 
stored materials which would be segregated in the storage facility according to type of contamination. 
It is anticipated that storage capacity should be several thousand cubic yards for bulk soil plus several 
thousand square feet for bulk hazardous debris and containerized material. 

1 

Effectiveness: This option is effective in isolating contaminated soil, sediment and 
debris so that it would not pose potential threats to human health and the environment. 
A CSF would provide only a temporary storage before permanent disposal of chemically 
and radioactively contaminated soil and sediment. Effectiveness is dependent on 
continued maintenance of the facility. 

Imdementabilitv: The design and construction of a storage facility is readily 
implementable. Equipment and skilled workers are available. A permit would not be 
required for an on-site facility; however, regulatory agencies would retain approval 
authority for siting of a storage facility. 

Cost: The capital cost of constructing such a facility would be considered moderate. 
The O&M requirements include monitoring, maintenance, and security measures and 
are also considered to be moderate. 
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Construction of a CSF will be retained for further consideration as a support to other excavation and 
disposal options. ., 

M.5.7 DISPOSAL 
The technologies considered for the disposal of soil and sediment include waste transportation, on- 
property disposal and off-site disposal. 

M.5.7.1 On-ProDertv DisDosal Technologies 
The process options evaluated under on-property disposal for this technology include: 

0 Backfilling 
Consolidation 
Engineered disposal cell. 

Backfilling 
This option involves the backfilling of on-property excavations with clean or slightly contaminated 
soil, sediment or debris. The material could be backfilled with no other actions or monitoring 
required, as long as the contaminant levels in the material satisfy remediation goals. If such goals are 
not met, it could be possible to supplement this option with containment and monitoring to ensure 
protection of human health and the environment. 

Effectiveness: On-property backfilling cannot be used unless the radionuclide, organic. 
and inorganic COCs meet the remediation goals for soil. If the contaminant 
concentrations in the backfilled materials attain the remediation goals, then backfilling 
would be highly effective. If remediation goals are not attained, backfilling could be 
supplemented with other actions, such as containment, monitoring, stabilization and/or 
institutional actions. 

ImDlementabilitv: Equipment, labor, and on-property disposal sites are readily 
available. Permits would not be required. 

- Cost: Capital costs would include costs for standard earthmoving and handling 
equipment and are considered low. There are low O&M costs associated with this 
option. 

Backfilling of on-property excavations with site soil, sediment and debris is retained for incorporation 
into remedial action alternatives as a primary representative process option. 

Engineered DisDosal Cell 
This option involves construction of an on-property engineered disposal cell for disposal of site soil 
and sediment, nonrecoverable debris, and treatment process residuals. 
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Effectiveness: An on-property engineered disposal cell would be effective in isolating 
contaminated material so that direct contact threats and the potential for contaminant 
migration are reduced. It would be necessary to determine whether the primary 
radionuclide and inorganic COCs, including uranium, thorium, and radium isotopes and 
arsenic pass waste acceptance criteria requirements. The primary organic COCs (e.g., 
benzo(a)anthracene, chrysene, and benzo(a)pyrene) are relatively immobile and 
primarily present risks from direct contact. It would therefore be necessary to prevent 
direct contact or determine that the material satisfies waste acceptance criteria 
requirements. An on-property disposal cell would be a permanent solution for disposal 
of contaminated material. The effectiveness is dependent on the continued maintenance 
and permanence of the facility. 

Implementability: Disposal cell design and construction are widely practiced 
techniques. Permits would not be required for an on-property disposal cell; however, 
regulatory agencies would retain approval authority for facility siting. Site conditions 
and land limitations may pose problems. 

Cost: The capital cost of constructing an on-property disposal cell is considered high. 
The cost is dependent on the volume of material to be placed in the cell. A engineered 
disposal cell would require inspections, monitoiing, maintenance, security measures, 
and institutional controls for the life of the facility. O&M costs are considered 
moderate. 

An engineered disposal cell, which is applicable to site soil, sediment, nonrecoverable debris and 
treatment process residuals, would be effective and implementable and is retained for incorporation 
into remedial action alternatives as a primary representative process option. 

Consolidation 
This option involves the consolidation of slightly contaminated soil and sediment at a central location 
at the FEMP site. The intent of consolidation is to remove contaminated material from portions of the 
FEMP property to allow for alternative uses. It may be necessary to supplement this option with 
containment and/or monitoring to ensure protection of human health and the environment. 

Effectiveness: The effectiveness of consolidation depends on the contaminant 
concentrations in the material being consolidated. The primary COCs include arsenic, 
uranium, thorium, radium, and PAHs. If the concentration exceeds the waste 
acceptance criteria, consolidation could be supplemented with other actions such as 
containment, monitoring, and/or institutional controls. It is effective for freeing 
portions of the FEMP property for alternate uses. 

0 Imulementability: Equipment and labor are readily available. Permits would not be 
required. Regulatory barriers to this process option may exist due to the location of the 
FEMP site over a sole-source aquifer. 
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- Cost: Capital costs would include costs for standard earthmoving and handling 
equipment and are considered low. O&M costs could include monitoring and are also 
considered low. 

On-property consolidation of slightly contaminated soil and sediment is retained for incorporation into 
remedial alternatives as a primary representative process option. 

M.5.7.2 Off-Site DisDosal Technologies 
Process options being evaluated for the off-site disposal technology include: 

The Nevada Test Site 
Permitted commercial facility. 

Nevada Test Site (NTS) 
This option involves the disposal of wastes at an existing DOE facility. NTS is located in Nye 
County, Nevada, with the southeast corner lying about 65 miles northwest of Las Vegas. The NTS 
encompasses about 1350 square miles. NTS has an arid climate and is surrounded on the east, north, 
and west sides by public access exclusion areas which provide a buffer zone between the test areas 
and public lands. Depths to groundwater beneath the NTS vary from about 500 feet to greater than 
2000 feet. An Environmental Impact Statement for waste disposal activities at the NTS is currently 
being prepared to satisfy the requirements of the National Environmental Policy Act. 

Low-level contaminated soil and sediment, solid residuals from waste treatment processes, or 

unrecoverable debris could be transported for permanent disposal at the NTS. As a condition of 
disposal at NTS, no untreated wet, raw waste or free liquids are accepted. An additional NTS 
requirement is that the waste can be characterized only as a low-level radioactive waste. The site 
cannot accept mixed (hazardous and radioactive) waste at this time; however, a permit to accept 
mixed waste is pending. In addition, the waste cannot contain PCBs at concentrations above 50 parts 
per million @pm) and all wastes shipped to the NTS must be containerized; no bulk material will be 
accepted. Radioactive waste from the FEMP is currently being shipped to NTS. Waste transport to 
the NTS would be by truck as there is no rail line directly to the disposal site. 

Effectiveness: The NTS would effectively isolate the waste materials from potential 
receptors. The primary radionuclide COCs which would require the soil to be disposed 
of in a low-level disposal facility are uranium, thorium, and radium. Primary organic 
and inorganic COCs on-site are PAHs and arsenic, respectively. This facility can 
accept all soil, sediment and waste treatment process residuals from Operable Unit 5 
except those classified as mixed waste or that contain more than 50 ppm of PCBs. 

ImDlementability: Appendix E discusses waste acceptance criteria and the disposal sites' 
ability to meet them. Logistical implementation would be moderately difficult due to 
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the distance from the FEMP site. As no rail transportation is available into the site, 
shipment by truck or rail/truck combination would be required. Administratively, 
however, this process option is readily implementable since the FEMP site has  an 
approved NTS waste shipment and certification program already in place. 

- Cost: The capital cost for waste disposal at NTS is considered high and would include 
packaging costs in addition to the disposal fees. There would be no O&M costs 
associated with this option after completion of remedial activities. 

Off-site disposal at NTS would be effective and implementable and is retained for incorporation into 
remedial alternatives as a primary process option. 

Commercial Disoosal Facilitv 
The Envirocare commercial disposal facility evaluated is representative of a typical permitted 
commercial disposal site. It is licensed by the State of Utah for naturally occurring radioactive 
material (NORM), low-activity radioactive waste, mixed NORM, and chemically hazardous waste. 
The facility license restricts the quantities of waste that can be actively processed at one time, 
maximum quantities of special nuclear material that may be handled, and maximum concentration of 
mixtures of radionuclides that may be present in each waste stream. Hazardous wastes that can be 
accepted at the facility include D-characteristic wastes, and most F-, P-, U-, and K-listed wastes. F- 
listed dioxin wastes cannot be accepted at the facility. The facility can receive wastes in bulk 
shipments. 

. 

The site is located on the eastern edge of the Great Salt Lake Desert in Toole County, Utah, 
approximately 81 miles west of Salt Lake City. The site occupies approximately 540 acres in an area 
zoned for radioactive waste disposal and is located approximately 1 mile south of a railroad switch 
point identified as Clive. Much of the land surrounding the site is public domain administered by the 
U.S.  Bureau of Land Management. 

The site is situated in an arid desert 'rated by the Bureau of Land Management as poor for grazing or 
forage production. Vegetation at the site is a homogeneous, semidesert low shrubland, composed 
primarily of shadescale. No wetlands or other aquatic habitats are present at or in the vicinity of the 
disposal facility. The nearest stream channel ends approximately I .9 miles east of the site, and the 
nearest body of permanent surface water is located about 28 miles east of the facility. 

Effectiveness: An operating permitted commercial disposal site would be effective for 
isolation of the waste materials from potential receptors. The primary radionuclide 
COCs which require the soil to be disposed of in a low-level disposal facility are 
uranium, thorium, and radium. Primary organic and inorganic COCs are PAHs and 
arsenic. The representative site is located near Clive, Utah, an arid western location 
isolated from the aquifer and nearby population. This facility can accept all 
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contaminated soil, sediment, waste treatment residuals, and nonrecoverable debris from 
Operable Unit 5. 

Imdementabilitv: Similar to the NTS process option, this facility is a relatively long 
distance from the FEMP site; however, shipment by rail alone is possible in 
transporting wastes to the commercial site. Low-specific-activity waste designated for 
this site does not require containerization and can be shipped in bulk using rail 
transportation. To ship waste to this facility, a new waste certification program would 
need to be developed and implemented to assure compliance with the disposal facility's 
waste acceptance criteria. This waste certification program, discussed in Appendix E, 
would be moderately difficult to implement. 

- Cost: The capital cost of implementation for disposal would be high because of the 
quantity of waste requiring disposal. However, the costs may be lower than those 
required for NTS because containerization of the contaminated soil is not required. 
There would be no O&M costs after completion of the remediation. 

Off-site disposal at a permitted commercial facility such as Envirocare or an equivalent facility would 
be effective and implementable and is retained for incorporation into remedial alternatives as a 
primary process option. 

Selection of a Reuresentative Disposal Process Option 
For purposes of this FS, it is assumed that the commercial disposal facility that can accept both low- 
level radioactive and mixed wastes will be used for off-site disposal and will be selected as the 
representative process option. 

M S.7 .3  Waste Transuortation Technologies 
The process options evaluated under waste transportation include: 

Truck transport 
Rail transport. 

Truck Transuort 
Truck transport can easily offer portal-to-portal service with the road system available at the FEMP 
site. The primary disadvantages with this process option are the size, relatively undeveloped nature, 
and heavy traffic patterns related to the roads near the FEMP site, and the higher cost to the public as 
compared to rail transport. 

Effectiveness: Truck transport is effective for short distances, but is not as effective as 
rail transport for the distances required for the off-site disposal option at NTS or other 
facilities, depending on the availability of rail spurs. Truck transportation is a highly 
reliable means of transporting contaminated material. Truck transport would be 
required for on-property disposal and off-site disposal to facilities without rail spurs. 
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Potential exposures caused by accidents could be reduced by placing the transported 
wastes into containers. 

Implementability: Truck transport would be moderately difficult to implement due to 
the large volumes of waste and the long distances involved for off-site disposal. 
Implementation would be relatively easy with regard to on-property disposal options. 
Truck transport would require full compliance with all applicable Department of 
Transportation (DOT) regulations. Notification to state and local agencies along the 
transport route would be required. 

Cost: Capital costs for truck transportation, which includes construction of access 
roads, are considered to be moderate, while O&M cost, which includes trucking fees, 
and maintenance of the access roads and loading areas, would also be moderate. 

The option of using truck transportation is being retained for further consideration as a support action 
with on-property and off-site disposal options. It has been selected as a representative process 
option. 

Rail Transport 
The FEMP site can readily support rail transportation by using existing on-site rail spurs. Some off- 
site disposal options have facilities with the capability of receiving the waste by rail. Transportation 
to NTS may require a combination of truck and rail transport. Contaminated material shipped by rail 
to NTS would go through the Las Vegas, Nevada terminal. In cases where exclusive-use shipments 
are required, the contaminated material would be placed within a container that would be placed on a 
flat-bed rail car. At the Las Vegas terminal, the container would be removed from the train without 
losing exclusive-use status and placed on flat-bed trucks where they would be transported to NTS. 
The Las Vegas Terminal is a new facility which has been constructed to handle the transfer of 
hazardous materials, including radioactive material for the NTS. Truck transportation would not be' 
required for shipment to the permitted commercial disposal site. Although rail transport has a lower 
percentage of accidents per trip, the volume of material hauled per trip is many times higher. 

B 

Effectiveness: Rail transportation is effective for transportation of contaminated 
material to off-site disposal facilities with railroad spurs and to NTS. Rail transport 
would be applicable to off-site disposal options at facilities with rail spurs and in 
combination with truck transport for disposal at NTS. Rail transportation allows large 
volumes of contaminated material to be transported at one time. Rail transport is highly 
reliable. Typically, fewer accidents occur on a per-trip basis by rail than by truck. 
'However, should an accident occur, the public could be exposed to much larger 
quantities of contaminated material. Exposures could be reduced by the containerization 
of the transported wastes. 

Imolementability: Rail transport is readily implementable because the FEMP site has  an 
existing on-site rail spur. However, rail transport is susceptible to route availability and 
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coordination with state and local agencies along the route, and would require full 
compliance with all applicable DOT regulations. In addition, some rail upgrades may 
be required. 

- Cost: Capital costs for rail transportation, which include upgrading of the on-site rail 
spur and the loading areas is considered to be high. O&M costs, which include rail 
fees, would be low. 

The option of using rail transportation has been retained for further consideration as a support action 
to off-site disposal options, and has been selected as a representative process option. 
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